Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



Library 



I 



L.ion^r. 



I 

./vr;. 



p* _->ii 



M 




J 



L 





n 




TRANSACTIONS 



OF THE 



NORTH-EAST COAST INSTITUTION 



OF 



ENGINEERS AND SHIPBUILDERS. 




EDITED BY THE SECRETARY OP THE INSTITUTION. 



VOLUME XII. 



TWELFTH SESSION, 1895-96. 



THE RIGHT OF PUBLICATION AND TRANSLATION IS RESERVED. 



LONDON AND NEWOASTLE-UPON-TYNE : 
ANDREW REID k COMPANY, Limited, PRINTERS AND PUBLISHERS. 

1896. 



ADVERTISEMENT. 
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body, responsible for the statements or opinions advanced in the 
Papers read, or the Discussions thereon, which occur at the 
Meetings during the Session.'* 
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' Member, Jan. 1894 
Bell, William, West Win*:, Point I'loa.'*ant, W'allscnd-on-Tyne ... (E) Nov. 1888 



XXI 

ELECTED. 

Bell, William, 45, Broughan Street, Greenock (S) Aprill893 

Bergstrom, Gu8., Bergsund, Stockholm (N A) Mar. 1886 

Berkley, A. B., Kent Villas, Jarrow-on-Tyne (E) Mar, 1887 

Bewlay, Charles J., 6, Warrington Road, Newcastle-on-Tyne ... (S) Nov. 1895 

Bigge, D. L. Selby, 27, Mosley Street, Newcastle-on-Tyne (E E) Nov. 1894 

Bindesboll, S. C. W., Helsingora Lernskibs Cygerrie, Denmark ... (S) Nov. 1884 
Black, J., c/o Messrs. J. Merry weather & Co., West Hartlepool ... (E) Nov. 1888 
Black, Wm., Messrs. Black, Hawthorn, & Co., Grateshead-on-Tyne (E) Jan. 1885 
Blackett, Walter, 6, Windsor Crescent, Newcastle-on-Tyne i Graduate, Nov. 1886 

(E) i Member, Nov. 1892 
Blackie, Thomas Reid, Lloyd's Register of Shipping, 2, White 

Lion Court, Comhill, London (SUR) Nov. 1890 

Blecbynden, Alfred, c/o Messrs. John Penn & Sons, Greenwich ... (E) Oct. 1886 
Blenkinsop, John N., 38, Ashbomham Grove, Greenwich, S.E. ... (E) Oct. 1886 
Blumer, Wm., 2, Ashmore Terrace, Stockton Road, Sunderland ... (S) Dec. 1886 

Boddy, John, 96, Dock Street, Newport, Monmouthshire (E) Dec. 1888 

Bodin, Lauritz M., 27, Argyle Square, Sunderland (E $t SUR) Dec. 1889 

Bone, W. J., 61, Linskill Terrace, North Shields (S) Dec. 1884 

Bonnyman, James Smith, 64, Plasturton Avenue, Cardiff (E) Nov. 1889 

Boolds, Jas. H., c/o Messrs. Sir Raylton Dixon & Co., Cleveland 

Shipyard, Middlesbrough (S) Oct. 1886 

Booth, Edward Spence, c/o C. Fumess, Esq., 85, Water Street, 

Boston, U.S. America (E) Oct. 1889 

Booth, John William, Union Foundry, Rodley, near Leeds ... (E) April 1892 
Bosi, Guiseppe, Presso Rastelli, Sampierdarena, Genoa, Italy (E $t NA) Jan. 1894 
Boyd, Arthur, 6, Windermere Street, Gateshead-on-Tyne ... (E SUR) May 1895 
Boyd, Wm., North House, Long Benton, Newcastle-on-Tyne ... (E) Nov. 1884 
Boyt, John T., Messrs. Earn Line Steamship Co., Girard Building, 

Philadelphia, Pa., U.S.A (E) Nov. 1893 

Bramwell, Balfour, c/o Messrs. Harland & Wolff, Engine (Graduate, Nov. 1886 

Works, Belfast (E) (.Member, Nov. 1887 

Brankston, R. T., 36, Hawthorn Street, Newcastle-on-Tyne ... (E) Nov. 1884 
Bredsdorff, Thomas, Messrs. The Flensburg Shipbuilding Co., 

Flensburg, Germany (S) Oct. 1894 

Brew, George, 85, Water Street, Boston, U.S. America (SUR $j C E) May 1896 
Brigham, Thoe., Messrs. Brigham & Cowan, South Shields ... (E) June 1896 

Broadbent, Frank, c/o Messrs. J. H. Holmes & Co., Portland Road, 

Newcastle-on-Tyne (E E) Nov. 1893 

Brotherstone, James, 8, Whitehouse Road, Sunderland (E) Oct. 1895 

Brown, Eugene, c/o Messrs. J. H. Holmes & Co., Portland Road, 

Newcastle-on-Tyne (E E) Feb. 1886 

Brown, James, c/o Sociedad Anonima, de los Astilleros del Nervion, 

Bilbao, Spain (E) Mar. 1891 

Brown, Robson, 1, Belle Vue Terrace, Tyne Dock (E) Nov. 1889 

Brown, T. R., 27, Ripon Street, Sunderland (E) /graduate. May 1885 

*^ iMember, Oct. 1886 

Brown, William, c/o Messrs. Siemens Brothers & Co., Woolwich... (E) April 1887 

Browne, Sir B. C, Westacres, Benwell, near Newcastle-on-Tyne (C E) Jan. 1885 

Buchanan, A., Michaelson Villa, Barrow-in-Furness (S) Nov. 1884 

Buchanan, John H., Oswald Chambers, 5, Oswald Street, Glasgow(SUR) Oct. 1888 

Buckland, H. B., Baltic Chambers, Quayside, Newcastle-on-Tyne (E) Nov. 1886 

Bull, John Catharinus, 29, Bexley Heath, Erith, Keut (E) Oct. 1892 
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Balmer, Frederick Charles, 2, Graingerville North, New- J Graduate, May 1894 

castle-on-Tync (E) I Member, Oct. 1895 

Bubner, John, 1, Graingerville North, Newcastle-on-Tyne ... (E) Mar. 1886 
Bulmcr, John George, 34, Brighton Grove, Newcastle-on-Tyne ... (E) May 1894 
Burnett, Norman, Watergate Buildings, Newcastle-on-Tyne ... (E) Oct. 1891 
Buflhell, Chas. A., 1, Benton Terrace, Newcastle-on-Tyne (N A II SUR) Nor. 1898 
Btttterfield. George, 4, Eayall Road, Sunderland Not. 1884 

C. 

Calvert, Geo. A., Wellington Villa, St. Luke's, Cork (E) Not. 1893 

Cama, Nusserwanji Bomanji, Slcaton Road, Tardeo, Bombay, 

British India (E) Dec. 1888 

Cameron, Angus, c/o James Laing, Esq., Deptf ord Yard, Sunderland (S) Not. 1892 

Cameron, David, 11, Graham Place, Dundee (E) April 1891 

Campbell, J. Jennings, Bureau Veritas Register of Shipping, 155, 

Fenchurch Street, London, E.G. (E) Oct.. 1888 

Campbell, John M., 4, Winchester Terrace, Newcastle-on-Tyne ...(N A) Aprill895 
Campbell, Thomas, c/o Messrs. Hills Dry Dock Co., Cardiff ... (S) Mar. 1894 
Camps, H. E. J., Ivy Bank, Bede Burn Road, Jarrow-on-Tyne ... (N A) Oct. 1894 

Cannell, Frank, Messrs. H. Parry & Son, Lisbon (E II S) Not. 1887 

Carruthers, Frank, 9, Battlefield Gardens, Langside, Glasgow ... (E) Nov. 1893 
Carstons, Samuel, Messrs. Burmcister k Wains, Maskin-og Skibs- 

byggeri, Copenhagen, Denmark (S) Dec. 1887 

Casey, James, 10, Philpot Lane, London, E.C (E) Not. 1891 

Cay, Arthur, Messrs. Cay, Hall, & Co., Quayside, Ncwcastle-on- 

•lyiiv,.. ... ... ... ... ... .., ,,, ,,, IK I MOT. J oos 

Ceuvel, John L., Kantoor, Gebouw, Amsterdam (E) Mar. 1886 

Chandler, Noel, Messrs. Bumstc<l & Chandler, Cannock Chase 

Engine Works, Hednesfonl, Staffonlshire (E) Oct. 1891 

Chapman, Harry Reynolds, Messrs. Clarke, Chapman, & Co., 

Gateshead-on-Tyne (E) Mar. 1893 

Chapman, Hedley, 147, Park Road, Newcastle-on-Tyne (E) Feb. 1886 

Charlton, Henry, 1, Mill6el(i Terrace, Gateshead-on-Tyne ... (E) Nov. 1884 
Charlton, R. B., Jun., Manors Railway Station Works, Newcastle- 
on-Tyne (E) Not. 1884 

Charlton, T., 26, Lincoln Street, (»ateshead-on-Tyne (E) Nov. 1884 

Charlton, Thomas, The Cedars, Millhill, West Cowes, Isle of Wight (E) Nov. 1890 
Chasten, Edward Catmore, 45, Cardigan Terrace, Heaton, New- 
castle-on-Tyne (E) Oct. 1894 

Cherry, Thos. Wnu Fry, c/o Messrs. R. k W. Hawthorn, Leslie, & 

Co., St. Peter's, Newcastle-on-Tyne (E) Oct. 1894 

Chicken, Thomas, c.o Messrs. Newport Engineering and Ship 

Rcp;ii ring Co., Newport, Monmouth (E) Oct. 1892 

Chisholm, Alexander, 2, Sea View Terrace, Fulwell, Sunderland... (S) Mar. 1893 

Christie, C.J. D., Neptune Works, W'alker-on-Tyne (S) Nov. 1884 

Christie, J. 1)., 4, Coll)cck Terrace, Tyncmoutb (S) Nov. 1884 

Churchill, James Dixon, 9, London Street, London, E.C (E) Oct. 1889 

Clague, James Henry, Birkcnhea<l Iron Works, Birken- ( Graduate, April 1891 

head (S) i Member, May 1894 

Clark, Geo., Southwick Engine Works, Sunderland (E) Nov, 1884 

Clark, George, Jun., Southwick Engine Works. Sunderland ... (E) Feb. 1888 
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Clark, Henry, Southwick Engine Works, Sunderland (E) Oct. 1887 

Clark, James Carver, 2, Albert Terrace, West Hartlepool (E) Nov. 1892 

Clarke, Henry Trevisa, Deptford Shipyard, Deptford, Sunderland (S) Mar. 1892 

Cohn, William M., 2, Marine Terrace, North Shields (S) Nov. 1893 

Coleby, James W., Carlyle Street, Willington Quay-on- (Graduate, Oct. 1891 

Tyne (E) \Member, Jan. 1894 

Coletti, Silvio, 83, Park Road, Newcastle-on-Tyne .« (S) Dec. 1895 

Common, John B. A., 61, Mount Stuart Square, Docks, Cardiff ... (E) April 1896 
Conning, Alfred C, Dunston Iron & Steel Works, Gateshead-on-Tyne (F M) May 1885 

Conridi, Carl, 8, Toldbodgaden, Christiana, Norway (E) Nov. 1884 

Consiglio, Luigi, 8, Via Patemo, Palermo (N A) Nov. 1890 

Cooper, Nnsserwanji Naoroji, Indo-China Mills, Dader, Sivri, 

Bombay, India (E) Oct. 1889 

Cooper, Sidney, 14, Northgate, Hartlepool (E) | Graduate, Nov. 1891 

( Member, May 1895 

Cooper, W., Jun., 11, Ridley Place, Newcastle-on-Tyne (E) i ^^^^uate, Nov. 1890 

( Member, Jan. 1894 

Coote, Arthur, Messrs. R. & W. Hawthorn, Leslie, & Co., Hebbum- 

on-Tyne ... ... ... ... ... ... ... ... (S) Nov. 1884 

Copeman, William C. J., 10, Brinkburn Terrace, South Shields ... (E) Oct. 1892 

Cornish, H. P., Lloyd's Register of Shipping, Hull (E) Oct. 1888 

Couche, Henry Drew, c/o Messrs. Laird Bros., Birkenhead ... (S) Oct. 1891 

Courtier- Dutton, W. T., British Corporation Registry of Shipping, 

69, St. Vincent Street, Glasgow (S SUR) April 1890 

Cowens, William Edward, c/o Messrs. John Abbot & Co., Gkiteshead- 

on-Tyne (E) Dec. 1889 

Cntggs, Ernest H., Messrs. R. Craggs k. Sons, Middlesbrough ... (S) Oct. 1888 
Craig, John C, Lloyd's Register of Shipping, 3, St. Nicholas' 

Buildings, Newcastle-on-Tyne (E SUR) Oct. 1890 

Craig, Robert, Pageland House, Grange Road, West Hartlepool ... (E) Nov. 1892 
Crawford, Jas., Bureau Veritas Register of Shipping, 9, Custom 

House Court, Quayside, Newcastle-on-Tyne (S SUR) Nov. 1886 

Crawford, W. A. F., Westminster Chambers, 9, Victoria Street, 

London, S.W (E) Nov. 1884 

Crofton, Charles, 17, Albany Terrace, Whitley, near Newcastle-on- 

^yuts.v. ... ••• ..a ... ... .a. ... ... \^/ j^Ot. a«/vO 

Crookston, John, 72, Mark Lane, London, S.E (E) Mar. 1896 

Cross, Wm., 24, Windsor Terrace, Newcastle-on-Tyne (E) Mar. 1886 

Cmddas, W. D., M.P., Messrs. Sir W. G. Armstrong, Mitchell, & Co., 

Blswlck, Newcastle-on-Tyne (E) Dec. 1884 

Cmickshank, Alexander, Albany Buildings, 47, Victoria Street, 

London, S.W (SUR) Mar. 1892 

Cumming, Alexander, 20, Lome Terrace, Sunderland (E) Not, 1891 

Cumming, William, c/o James Laing, Esq., Deptford Shipyard, 

Sunderland (E) Mar. 1896 

Cummins, W. R., Violet Bank, Wormit, Fife (E) Nov. 1884 

D. 

Dadd, Edward Martin, c/o Messrs. The Oriental Steamship Co., 84, 

Leadenhall Street, London, E.G. (E) Mar. 1892 

Dalrymple, Wm., Myrtle Cottage, W. Cleadon, Sunderland ... (E) Dec. 1886 
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Dalrymple, William, Jun., 14, Vicarage Terrace, Sunderland ... (E) Dec, 1896 
Daniel, Alfred John, Soryeyor^s Office, Board of Trade, North 

ShicldB ... ... ... ... ... ... ... ... (S) Not. 1893 

Darling, W. J., Lloyd's Register of Shipping, Dock Chambers, 

Barry ... ... ... ... ... ... ... ... (S) April 1887 

Damey, John, c/o Messrs. Short Bros., Pallion, Sunderland ... (S) Nov. 1884 

Davis, Thos. Wilfrid. Birkcnfeld, Bromley, Kent ... (E) /^^^<i^»<«» ^^^^ ^^^] 

I Member, Mar. 1894 

Denny, Archibald, c/o Messre. W. Denny & Bros., Dumbarton ... (S) Dec. 1891 

De Busett, Edwin W., Warden House, Percy Park Road, Tyne- 

mouth ... ... ... ... ... ... ... ... (S) NoY. 1890 

Dick, Francis, 6, Gladstone Street, Sunderland (E) Not. 1885 

Dick, F. W., c/o Messrs. Palmer's Shipbuilding Co., Jarrow-on- 

Tyne (I Ht S M) Oct. 1891 

Dickie, James, 428, Mississippi Street, Poturo, San Francisco, 

California, U.S.A (S) Mar. 1894 

Dickinson, F. T., 23, Park Place W., Sunderland ... (E) ] ^^^^''^> ^^J HH 

' I Member, Oct. 1886 

Dickinson, James, The Cloisters, Sunderland (E) Nov. 1884 

Dickinson, John, Park House, Sunderland (E) Nov. 1884 

Dickinson, W., Park House, Sunderland (E) Not. 1884 

Dietze, F. G., Messrs. The Hamburg South American Steam Ship 

Company, Hamburg (E) Not. 1893 

Dixon-Brown, L. D., 42, Burdon Terrace, Newcastle-on-Tyne ... (S) Not. 1886 

Dixon, James, Welbeck Road, Walker-on-Tyne (S) Dec. 1893 

Dixon, John Rochester, 79, Osborne Road, Newcastle-on-j Graduate, Oct. 1887 

Tyne (E)tMember, Feb. 1893 

Dixon, Sir Raylton, Cleveland Shipyard, Middlesbrough (S) Feb. 1888 

Dixon, William, Heaton Hall Road, Heaton, Newcastle-on-Tyne... (E) Nov. 1893 

Dobson, William, Shipbuilder, Walker-on-Tyne (S) Nov. 1888 

Donald, George Gray, 2, South Preston, North Shields (E) Oct. 1890 

Donald, James, 2, Chatsworth Street, Sunderland (S) Nov. 1884 

Donkiu, George, St. Andrew's Engine Works, Newcastle-on-Tyne (E) Oct. 1892 

Donovan, J. W., 5, Ash Phice, Newcastle Road, Sunderland ... (E) April 1885 
Dos Santos, Apolinaris J., Rio Grande-do-Sul, Bi*azil ... (SUR) Nov. 1891 

Douglas, John F., c/o Messrs. Ramage k Ferguson, Leith (E) Jan. 1888 

Douglass, William, Globe Iron Works, Wiulaton-on-Tyne (E) Nov. 1893 

Downing, Nicholas, Oxford Terrace, Norton Road, Stockton-on- 
Tees (^1 F) Oct. 1894 

Dowsen, Chas., 21, Croft Terrace, JaiTow-on-Tyne (E) Dec. 1885 

Doxford, Albert Ernest, B.A., 2, West Lawn, Sunderland (E) | ^'^^^i*^**^* ^^^ ^^^ 
* "^ > » K j^ Member, Nov. 1898 

Doxford, Charles D., Bainbridge Holme, Tunstall Road, Sunderland (S) Nov. 1884 

Doxford, Robert P., Pallion Engine Works, Sunderland (E) Nov. 1884 

Doxford, W. Theodore, M.P., Pallion Shipyard, Sunderland ... (S) Nov. 1884 

Drake, William Edward, 7, Rodwell Terrace, Weymouth (E) Feb. 1893 

Drakcnberg, J., 73, Nybrogatan, Stockholm, Sweden (E) Feb. 1886 

Duckitt, Juo., 4. St. Nicholas' Buildings West, Newcastle-on-Tyne (E) Nov. 1884 
Duckitt, John Brentnall, 19, Whitehall Terrace, Sunder- i Graduate, Oct. 1888 

laud (E E) I Member, April 1895 

Dudgeon. F. 8., 30, Great St. Helens, London, E.C (E) Feb. 1885 

Dugdale, William H., Green Bank, Jarrow-on-Tyne (S) Mar. 1894 
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Duguid, Robert, c/o Messrs. Harland & Wolff, Drawing Office 

Department, Belfast (S) Oct. 1892 

Duncan, George Thos., c/o Messrs. Tangyes Limited, 3, St. Nicholas' 

Buildings, Newcastle-on-Tyne (E) Nov. 1894 

Dunlop, William, 6, Chatsworth Terrace, Barrow-in-Furness ... (E) Mar. 1888 
Dyer, Charles M. B., Lloyd's Register of Shipping, 3, St. Nicholas' 

Buildings, Newcastle-on-Tyne (E SUR) Oct. 1892 

Dykes, George, Lloyd's Register of Shipping, Steinhoeft 3, 

Hamburg (S) Jan. 1893 

Dykes, James, 82, Park Road, Newcastle-on-Tynn (E) May 1885 

Dykes, John, Lloyd's Register of Shipping, Oriel Chambers, 

Liverpool (SUR) Oct. 1889 



E. 

Edmiston, Jas. B., Ivy Cottage, Highfield Road, Walton, Liverpool (E) Nov. 1886 

Edwards, James Harry, Jun., High Docks, South Shields (S) Mar. 1893 

Eeles, Robert, Queen Street, Newcastle-on-Tyne (E) April 1889 

Egan, James, 72, Riviera House, CoUingwood Road, West 

Hartlepool (E) Dec. 1893 

Elder, Edward, c/o Messrs. J. & G. Thomson, Clydebank, / Graduate, Nov. 1890 

Glasgow (S) I Member, Oct. 1892 

Elliot, Henry (E) May 1891 

Elliott, William D., Hessle, Hull (E) Nov. 1894 

Ellis, Robert Elwood, Messrs. Gumming & Ellis, Inverkeithing, 

Fife (S) Feb. 1891 

Eltringham, Joseph T,, Stone Quay, South Shields (S <t B B) Oct. 1889 

English, Thos. (Lieut.-CoL), Hawley, near Dartford, Kent ... (E) Oct. 1890 
Brdtman, Herman, c/o Mr. W. Lindberg's Varf, Stockholm, 

Sweden (E) Nov. 1893 

Eshelby, William, 13, Braukingham Terrace, Norton Road, 

Stockton-on-Tees (E) Feb. 1888 

Evans, Charles, c/o Messrs. The Vulcan Shipbuilding and Engineer- 
ing Co., Stettin, Germany (E) Mar. 1891 

Evans, Lewis, c/o Ralph Carr, Esq., Maritime Buildings, King 

Street, Newcastle-on-Tyne (SUR) Dec. 1890 

Evans, William, Superintendent Engineer, Caerphilly, near Cardiff (E) Nov. 1889 
Evans, William T., c/o Messrs. John Cory k Sons, Mount Stuart 

Square, Cardiff (E) Mar. 1896 

Ewen, Alex., 22, Albany Terrace, Whitley, near Newcastle- i Graduate, Oct. 1891 

on-Tyne (E) 1 Member, Jan. 1894 



F. 

Fairbaim, James, 54, Amberly Street, Sunderland... (E) i ^^ad^a^^e. May 1885 

I Member, April 1896 

Farina, A. J., 63, Quayside, Newcastle-on-Tyne (E) Nov. 1884 

Farrar, Harrie Crawhall, 18, Gladstone Street, Hartlepool ... (S) Nov. 1893 

Faroffini, Capt. M. C, c/o Connitato Pei Designa delle Navi 

Minister© dilla Marina, Rome, Italy (N A) Dec. 1888 

Feldtmann, H., Surveyor to Bureau Veritas, Bergen, Norway ... (E) Jan. 1889 
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Fenwick, James, B.Sc, C.E., 19, Bridge Street, Sydney, New South 

Wales ... ... ... ... ... ... ... ... C^) Oct. 1892 

Ferrier, Robert M., B.Sc., Durham College of Science, Barras 

Bridge, Newcastle-on-Tyne (E) Nov. 1892 

Filley, George Frederick, 5, Park TeiTace, Govan, Glasgow ... (S) Nov. 1891 

Finch, Herbert; K., CJolliery Agent, c/o Messrs, Blainscough I Graduate, Dec. 1888 

Ck)lliery Co., Coppull, near Choriey, Lancashire (E) ) Member, Nov. 1894 

Findlay, John Taylor, 14, Nelson Street, Sunderland (SUR) Feb. 1890 

Fish, Thomas Wilson, Lloyd's Register of Shipping, Calcutta, 

British India (SUR) May 1892 

Fisher, John, 16, Belle Vue Park, Sunderland (S) A prill 896 

Fleming, Charles Edward, 71, Elswick Road, Newcastle-on-Tyne (E) Nov. 1884 

Fletcher, Robert, Walker Forge, Walker-on-Tyne (F M) Dec. 1886 

Flohr, Justus, Elisabethstrasse 10, Stettin, Germany (E) Oct. 1886 

Foley, Wm, C. le B., Box 537, Newport News, Virginia, \ Graduate, Nov. 1887 

U.S.A. (S)l Member, Oct. 1892 

Ford, David, c/o Messrs. J. Boyd & Co., Shanghai, China ... ... (E) May 1891 

Forster, Alfred Lindsay, Shaftesbury Place, Gateshead (E) | ^'^»^*^» ^ov. 1891 

c Member, Oct. 1895 

Forster, William, c/o Messrs. Dixon, Robson, & Co., 2, CoUingwood 

Street, Newcastle-on-Tyne (E) Mar. 1890 

Foster, Henry, c/o Messrs. Galloway & Co., Knott Mills Ironworks, 

Manchester ... (E) April 1885 

Fothergill, J. R., Dock Office, West Hartlepool (C E) Mar. 1886 

Fowell, Ridley, Lloyd's Register of Shipping, Dock Office, West 

Hartlepool (S $t E SUR) Feb. 1893 

Fowling, Charles, Lloyd's Register of Shipping, Dock Office 

Buildings, West Hartlepool (S) Nov. 1892 

Fownes, Henry, Tyne Forge, Ouseburn, Ncwcastlc-on-Tync ... (F M) Nov. 18«4 
Fox, Samson, Messrs. The Leeds Forge Co., Leeds (Life Member) (E) Dec. 1887 
Fox, William, 9, Winfield Terrace, Chester Road, Manchester ... (E) April 1896 
Franki, J. P., c/o Messrs. Morts Dry Dock and Engineering Co., 

Sydney, N.S.W., Australia (E) Jan. 1886 

Fraser, Thomas S., McsMrs. Ernest Scott, Mountain & Co., The 

Close, Newcastle-on-Tyne (E E) Jan. 1894 

Freeman, Alfred Isaac (Ej ( Graduate, Dec. 1890 

c Member, Nov. 1893 
Fumeaux, J. B., Victoria Engine Works, Gateshead-on-Tyne ... (E) Nov. 1886 
Furse, Fred., Villa Schlaepfer, Capodimonte, Naples (S) April 1887 



G. 
Gad, Oscar, Deptford Shipyard, Deptford, Sunderland (S) Nov. 1893 

Gainc, Roger L., 43, Harrison Stixict, Barrow-in-Furness (E) | ^""^^^a^^^' ^>^' 1887 

I Meniljer, Oct. 1894 

Ganna way, H. G., 11, Kent Street, Jarruw-on-Tyne (S) Nov. 1884 

Garthwaite, John R.,(7*^ Messrs. R. Ropner dt Sons, Stockton-on-Tees (S) May 1889 

Gayner, Robt. H., Jun., Beech Holm, Sunderiand ... (E) i^raduate. Mar. 1886 

C Member, Oct, 1888 

Gearing, Ernest George, Pcnshurst, Clarence Drive, Harrogate ... (E) Dec. 1892 

Oeddes, Christopher, 2a, Drury Lane, Water Street, Liverpool ... (E) Oct 1888 
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Gibson, David, 18, Wadsworth Avenue, Cardiff (E) June 1896 

Gibson, H., 162, Roker Avenue, Monkwearmouth, Sunderland ... (S) Nov. 1884 
Gibson, J. Hamilton, 171, Upper Brook Street, Manchester (Graduate, Aprill891 

(E) t Member, Oct. 1894 

Gibson, W. H., 37, Tatham Street, Sunderland (E) Nov. 1884 

Good, Farraut, c/o Messrs. Bute Dry Dock Co., Ltd., Boath Basin, 

Cardiff (E) Mar. 1890 

Gordon, William James, c/o Messrs. Naval Construction and Arma- 
ments Co., Barrow-in-Fumess (E) Oct. 1887 

Gordon, William Leslie, In vermark, Broughty Ferry, N.B. ... (E) April 1893 
Graham, Edwin, Messrs. Osboume, Graham^ & Co., Hylton, Sunder- 
land ... (S) Nov. 1884 

Graham, William, Ford Lodge, South Hylton, near Sunderland ... (S) Nov. 1884 

Graham, William, West House, Tynemouth (S) Oct. 1891 

G raham, William, 30, Hill Street, Jarrow-on-Tyne (S) April 1 893 

Graham, William, Primrose Villa, Kingsland Crescent, Barry 

Docks, South Wales (E) Nov. 1894 

Gravell, John, Bureau Veritas Register of Shipping, Custom House 

Court, Quayside, Newcastle-on-Tyne (N A SUR) Nov. 1884 

Gray, A., 17, Belgrave Terrace, Newcastle-on-Tyne (E) Nov. 1888 

Gray, George, 6, Salem Hill South, Sunderland (E) Feb. 1888 

Gray, Harry, 19, St. George's Terrace, Jesmond, Newcastle-on- 

jLyiie.a* ... •». ••• .•• ... ... ... ... v^y i^ec. 1 OOO 

Gray, Sir William, Messrs. W. Gray & Co., West Hartlepool (S $t E) Oct. 1888 

Green, Frederick W., 14, Monk Street, Sunderland (E) Nov. 1894 

Green, W. G., Engine Department, Messrs. Palmer's Iron and 

Shipbuilding Co., Jarrow-on-Tyne (E^ Nov. 1884 

Green, William, c/o Messrs. Naval Construction and Armaments 

Co., Barrow-in-Fumes8 (E) Oct. 1885 

Greenhow, John, 9, Ro well Street, Hartlepool (S) Oct. 1894 

Greig, David William, Messrs. Inman's Shipyard, Limited, 

Lymington, Hants (E) Mar. 1891 

Grimes, Thomas Benjamin, 45, Eastbourne Grove, South Shields... (E) Mar. 1890 
Gross, Felix, Assistant Manager, c/o Messrs. John Brown k Co., 

Atlas Works, Sheffield (I <t S M).Feb. 1893 

Gulston, A., Clayton Park Lodge, Jesmond, Newcastle-on-Tyne ... (E) Dec. 1888 
Gunn, John, Managing Director, Messrs. Mount Stuart Dry Docks 

Co,j Caidift (^Life Member) June 1896 

H. 

flake, G. A., 29, Rothbury Terrace, Heaton, Newcastle-on-Tyne... (SUR) Oct. 1888 

Hall, Edward, 68, Grange Road West, Jarrow-on-Tyne (S) Nov. 1885 

Hall, J. Percy, Carville, Laurie Park Road, Sydenham, London, S.E. (E) Oct. 1885 
Hall, John W., c/o Messrs. John Scott & Co., Abden Works, King- 
horn, N.B. ... ... ... ... ... .*. ... ... (S) Oct. 1887 

Halley, David, Messrs. Burmeister k Wains, Maskin-og Skibs- 

byggeri, Copenhagen, Denmark {I/ife Member) (E) Feb. 1887 

Hamilton, Robert C, Messrs. Stabilimento Armstrong, i Graduate, Dec. 1892 

Pozzuoli, Naples, Italy (E) ( Member, Oct. 1895 

Hamilton, R. B., c/o Messrs. Maudslay, Sons, k Field, West- 
minster Bridge Road, Lambeth, London (E) Not. 1884 
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Hammar, Hugo G., Bureau of Construction and Repairs, U.S. 

Navy Yard, Brooklyn, New York, U.S.A (S) Nov. 1890 

Harding, J. C, Fern ville Terrace, West Hartlepool (E) Nov. 1884 

Harkness, Richard, Grange Road, West Hartlepool ... (S SUR) Nov. 1884 

Harlow, F., 8, Benton Terrace, Newcastle-on-Tyne (E) Nov. 1884 

Harman, Bruce, Meesrs. The Linde British Refrigerating Co., 36, 

Queen Victoria Street, London, E.C (E) Oct. 1886 

Harold, F., 140, Cardigan Terrace, Heaton, Newcastle-on-Tyne ... (E) Nov. 1888 

Harper, J. H., 1, Beaumont Street, North Shields (E) Jan. 1886 

Harris, Anthony, c/o Messrs. Copley, Taylor, & Co., Engineers, 

Middlesbrough (E) Mar. 1892 

Harrison, Alfred, Scotia Engine Works, Sunderland (E) Oct. 1889 

Harrold, Alexander, 26, Park Road, Newcastle-on-Tyne (E) Nov. 1884 

Harrold, F., 140 Cardigan Terrace, Heaton, Newcastle-on-Tyne ... (E) Nov. 1888 

Harroway, George Mitchell, Philiphaugh, Wallsend-on-Tyne ... (S) Jan. 1896 
Harvey, John W. J., 1, Richmond Villa, Chertsey Road, Redland, 

Bristol (E) Feb. 1889 

Havelock, Michael, o. Exchange Buildings, King Street, New- 
castle-on-Tyne (E) Dec. 1887 

Head, Archibald P., 47, Victoria Street, London, S.W. (E)/Graduate, Nov. 1884 

» . V >'\j|enj^y^ Oct. 1887 

Headlam, Robert, New Park Terrace, Hartbum I-^ne, Stockton-on- 

XQCo ... ... ... ... .»• ... ... ... ... v"*J JNOV. looO 

Heck, John H., Lloyd's Register of Shipping, 3 St. Nicholas' 

Buildings, Newcastle-on-Tyne (S SUR) Nov. 1885 

Henderson, Alex., c/o Messrs. Empreza, Nacional, De. Nav. D'Vapor, 

Lisbon (E) April 1893 

Henderson, A. M., 3, Greatham Terrace, West Hartlepool ... (E) Nov. 1890 

Henderson, George, 54, Westmorland Road, Newcastle-on-Tyne... (E) Nov. 1884 

Henderson, John, 34, Burdett Street, Liverpool (N A) June 1896 

Henshall, Samuel, c/o Messrs. Sir Raylton Dixon & Co., J Graduate, May 1886 

Cleveland Shipyanl, Middlesbrough (S) j Member, Jan. 1894 

Hepburn, Alfred, Northumberland Forge, Wallsend-on-Tyne ... (F M) Dec. 1890 

Hepple, William, Slipway, South Shields (E $t S) Oct. 1886 

Hepple, William Thos., Messrs. Hepple & Co., Engineers, Wapping 

Street, South Shields (E) Dec. 1893 

Hesketh, Thomas, Bryn Tirion, Richmond Road, CardiflE (SUR) April 1896 

Hildrcy, A. J., 28, Rosslyn Terrace, Sunderland (S) Nov. 1884 

Hill, Maxwell, 2, The Side, Newcastle-on-Tyne (N A) Nov. 1884 

Hindson, William Forster, 19, Ravensworth Terrace, Gates- ( Graduate, Nov. 1891 

head-on-Tyne (E) I Member, Nov. 1892 

Hirst, Richard, Lloyd's Register of Shipping, Dock Offices, West 

Hartlepool (E SUR) Nov. 1886 

Hodge, Rowland F. W., Messrs. C. S. Swan & Hunter, Wallsend-on- 
Tyne (S) Dec. 1890 

Hogg, James, 8, Lovainc Terrace, North Shields (B F) Nov. 1889 

Uok, Wilhelm, Dcptfortl Shipyanl, Sunderland (S) Oct. 1886 

Hulbruok, Thom;i8, 22, St. Hilda Street, Hartlepool (E) Nov. 1693 

llolgate, Charles H., Cardigan Villa, Grove Lane, Headingley, 

Leetlfl (E) Feb. 1895 

HoUis, Henry William, Whitworth Houbo, Spennymoor (I M) Oct. 1891 

Holmes, John H., Portland Road, Newcastle-on-Tyne (E E) Jan. 1888 
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Homji, A. C. N., 13, Trinity Street, Dhobie, Talao, Bombay, India (E) Nov. 1884 

Hooper, Ernest, 27, Whitehall Terrace, Sunderland (E) Nov. 1886 

Hopkinson, Frank A., c/o Messrs. J. Hopkinson & Co., Huddersfield (E) Dec. 1891 

Houston, John, 32, Randolph Street, Sunderland (E) No?. 1894 

Humble, Stephen, Jun., c/o Messrs. An ti -Attrition Metal Co., Ltd., 

Emerson Street, Southwark, London, S.E (E) Feb. 1896 

Hunter, George B., Messrs. C. S. Swan, Hunter, & Co., Wallsend- 

on-Tyne (S) Nov. 1884 

Hunter, J. W., 10, Princess Road, Stockton Road, Sunderland ... (E) May 1885 
Hunter, Summers, c/o Messrs. N.B. Marine Engineering Co., 

Northumberland Engine Works, Wallsend-on-Tyne (E) Nov. 1885 

Hutchinson, C. W., 6, Park Parade, Westmorland Road, New- 

castle-on-Tyne (E) Nov. 1884 

Hutchinson, Wesley, B.A., 6, Park Parade, Newcastle-on-Tyne ... (E) Oct. 1891 

Hutchison, J., Board of Trade Offices, Middlesbrough (SUR) Dec. 1891 

Hutchison, Thomas Allan, 98, Warwick Street, Heaton, Newcastle- 
on-Tyne ... ... ... ... ... ... ... ... (S) Nov. 1891 



I. 

Inglis, John, c/o Messrs. Hawthorn & Co., Leith (S) April 1887 

Inglis, John, Pointhouse Shipyard, Partick, Glasgow ... (E $t S) Oct. 1886 
Inman, Douglas S., 17, Wandsworth Road, Heaton, Newcastle-on- 

lyne ... ... ... ... ... ... ... ... C^/ Oct. lo92 

Irwin, J. H., Sunderland Engine Works, South Docks, Sunderland (E) Nov. 1884 
Irwin, Thomas F., 1, St. Alban*s Road, Bootle, ne^r Liver- 
pool ... ... ... ... ... ... ... ... (C E $t N A) Mar. 1888 



J. 

Jack, William C, Service Subventionn6 des Correspondances 

Fluviales au Tonkin, Haiphong, China (E) Nov. 1894 

Jackson, A., Surveyor's Office, Board of Trade, North Shields (E SUR) Nov. 1888 
Jackson, Albert S., c/o Messrs. The Baron Hambro' Steamship Co., 

Ltd., Mount Stuart Square, Cardiff (E) Mar. 1896 

Jackson, Herbert Stonewall, c/o Messrs. Westgarth, English, k 

Co., Middlesbrough (E) Dec. 1891 

Jackson, William S., Messrs. Gourlay Bros. & Co., Camperdown 

Shipyard, Dundee (S) April 1891 

James, M. C, 18, Denmark Street, Gateshead-on-Tyne (S) Nov. 1884 

Jeffrey, Philip, 98, Park Road, Newcastle-on-Tyne *. (E) Dec. 1892 

Jobling, J. C, Blackwall Ironworks, Isle of Dogs, London, E. ... (E) Nov. 1884 
Jobling, W. J., 1, Akenside Hill, Newcastle-on-Tyne ... (E * S O) Nov. 1884 

Jobson, H. G., Exchange Buildings, West Hartlepool (SUR) June 1896 

Johnson, Alexander, 9, Cheltenham Terrace, Heaton, Newcastle- 
on-Tyne ... ... ... ... ... ... ... ... (E) Feb. 1893 

.Johnson, Johan, 7, Vestra Hamngaten, Gothenburg, Sweden ... (S) May 1885 

Johnson, T. Allan, Dry Docks, Passage West, Cork (S) Nov. 1884 

Johnstone, William, Lloyd's Register of Shipping, Barrow-ln- 

Fumess (SUR) Nov. 1884 

Joicey, Jacob G., Forth Banks West Factory, Newcastle-on-Tyne (E) Jan. 1889 



XXX 

XLXCTICD. 

Jones, Charles, 10, Gljurhondda Street, Cardiff (E) Mar. 1896 

Jones, George, c/o Messrs. W. Gray k Co., West Hartlepool ... (S) Oct. 1888 
Jones, Morlais G.. 6, Delahaj Street, Westminster, London, S.W. (E) Not. 1887 

K. 

Eeene, H. B., Lloyd's Register of Shipping, 2, White f Graduate, May 1885 
Lion Court, Cornhill, London, B.C (E)( Member, April 1887 

Kendall, Stonard O., Lloyd's Register of Shipping, 842, Argyle 

Street, Glasgow (SUR) Mar. 1891 

Kerfoot, James, 45, Rue de Grand Chila, Zurenberg, Antwerp ... (E) Oct. 1892 

King, Donald, 22, Rothesay Gardens, Partick, Glasgow (E) Jan. 1890 

King, John, 15, Neshara Street, Newcastle-on-Tyne... (S) | ^/^djiate, Dec. 1890 
^ ' ' ^ M Member, Oct. 1892 

Kirkaldy, John, 40, West India Dock Road, London (E) Nov. 1885 

Kitching, J. F., 4, Hart Road, West Hartlepool (E) Not. 1890 

L. 

Laing, Andrew, Oswald Gardens, Scotstounhill, Glasgow (E) Oct. 1892 

Laing, Arthur, Dcptford Shipyard, Sunderland (S) Nov. 1884 

Laing, John, c/o Messrs. R. & W. Hawthorn, Leslie, & Co., St. Peter's, 

Newcastle-on-Tyne (E) Nov. 1884 

Landreth, Cowcn, 34, Simonside Terrace, Newcastle-on-Tyne ... (E) Mar. 1896 

Larkin, James, Tyne View, East Jarrow-on-Tyne (E) Nov. 1884 

Lewins, Frank, Rosehill, Willington Quay-on-Tyne (E) Dec. 1895 

Lewis, R. A., Newbum Steel Works, Newburn-on-Tyne (E) Nov. 1884 

Liddell, J., c/o Messrs. Denny & Co., Engine Works, Dumbarton (E) Nov. 1884 

Lie, Gotfred, Det Bergenske Dampskibsselskab, Bergen (E) Jan. 1895 

Lindfors, Hutro, Surveyor to Lloyd's Register of Shipping, 16, 

Alexandersj^itan, Helsin^fors, Finland (SUR) May 1889 

Lineham, Wilfrid J., Jesmond, Leyland Road, Lee, London, S.E. (E) Oct. 1890 

Linsley, Frederick, 5, Wentworth Terrace, South Shields (E) Jan. 1896 

List, John, Orchard House Works, Black wall, London, E. ... (E) April 1891 

Littleboy, Chas. Wm., 2, Lome Terrace, Stockton-on-Tees ... (S) Oct. 1887 

Littletlale, John W. E., 65, Campbell Street, Newcastle-on-Tyne ... (E) May 1896 

Livingston, Thos. L., Dunedin House, Jarrow-on-Tyne (S) Nov. 1884 

Lohmeyer, H., 5H, Crown Street, Newcastle-on-Tyne (E) Nov. 1884 

T/onj?, A. E., 124, AU)crt Road, Jarrow-on-Tyne (S) Nov. 1884 

Lonnholm, Carl Gustaf A., Messrs. Oscarshamn Dry Dock Co , 

Oscarsliamn, Sweden (N A) Jan. 1896 

Lovoridj,'o, W. H., Milton Works, West Hartlepool (I <t S M) Oct. 1888 

Ix>wdon, David, Messre. The Barry Dock, Cardiff (E) May 1894 

Lowdon, John, Messrs. The Barry Graving Dock and Enj^ineering 

Co., Limite<l, Barry Dock, near Cardiff (E) Dec. 1891 

M. 

MacColl, Hector, Strandtown, Belfast (E) Dec. 1890 

Maccoy, John, 55, Larkspur Terrace, Newcastle-on-Tyne (E) Feb. 1886 

Mac Donald, David R., c/o Messrs. Sir W. G. Armstrong, Mitchell, 

k Co., Walker Shipyanl, Newcastle-on-Tyne (S) Nov. 1891 

Mace, W., 253, Albert Road, Jarrow-on-Tyne (E) Jan. 1886 
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Macfarlane, Andrew, 18, John Street, Sunderland * ... (E) Dec. 1890 

MacGregor, John, 2, Michaelston Villas, Barrow-in-Fumess ... (E) Mar. 1888 

MacHaffie, John, 636, Terrace Place, Schenectady, New York, U.S. A. (E) Dec. 1886 

Mackay, William, 11, Eilbimie Cottages, Clydebank, Glasgow ... (S) Mar. 1892 

MacoU, Hugh, 4, Azalea Terrace North, Sunderland {Life Member) (S) Nov. 1884 

Mair, James, Wh. Sc., 39, Dockwray Square, North Shields ... (E) Oct. 1894 

Manaira, Guiseppe, 4, Salita S Qerslamo, Genoa, Italy ... (E <t N A) Nov. 1893 

Marlborough, Richard, 44, Muirpark Gardens, Partick, Glasgow... (S) Nov. 1884 
Marr, James, c/o Messrs. J. L. Thomson & Sons, North Sands 

Shipyard, Sunderland (S) Nov. 1884 

Marshall, F. C, 38, Percy Gardens, Tynemouth (E) Nov. 1884 

Marshall, Frank T., Messrs. R. k W. Hawthorn, Leslie, & Co., ^Graduate, Jan. 1886 

St. Peter's, Newcastle-on-Tyne (E) (Member, Oct. 1888 

Marshall, R. J., 51, Larkspur Terrace, Jesmond, Newcastle-on-Tyne (E) Mar. 1887 

Mason, George F., Fairhaven, Clive Road, Penarth (E) Oct. 1895 

Mastaglio, W. D., 65, Warrington Road, Newcastle-on-Tyne ... (E) Nov. 1885 
Mather, Charles, 44, Warrington Road, Newcastle-on-Tyne ...(SUR) Oct. 1888 
Matheson, William, c/o Messrs. R. & W. Hawthorn, Leslie, & Co., 

Hebbum-on-Tyne (S) Dec. 1889 

Matthews, A., Waterloo Road, Blyth (S) Nov. 1884 

Matthews, Jas., c/o Messrs. R. & W. Hawthorn, Leslie, & Co., Forth 

Banks, Newcastle-on-Tyne (E) Oct. 1886 

McBride, William, Warren Cement Works Cottages, Hartlepool... (E) Dec. 1894 
McDongall, Neil, Managing Director, Messrs. British Steam Users* 

L[iFurance Society, Ld., 4 & 5, Victoria Buildings, Manchester (E) Mar. 1890 

McGlashan, Arch., Beechcroft, Clifton Avenue, West Hartlepool (S) Nov. 1885 
Mcllvenna, J. G., c/o Messrs. The Tyne Pontoons and Dry Docks 

Co., Wallsend-on-Tyne (S) Nov. 1884 

McKay, Jno., 19, Victoria Avenue, Whitley-by-the-Sea (E) Nov. 1884 

McKechnie, James, Messrs. Naval Conrstruction and Armaments 

Co., Barrow-in-Furness .. (E) April 1806 

McLaren, Robert M., Flinton Hill, Sunderland (S) Nov. 1893 

McLaren, William, 8, London Grove, Prince's Road, Liverpool ... (E) Oct. 1894 
McNeil, Thomas Young, 70, Meldon Terrace, Heaton, Newcastle- 
on-Tyne ... ... ... ... ... ... ••• ... (S) Oct. 1896 

Meldmm, Michael, Humbledon View, Sunderland (E) Dec. 1893 

Menzies, Wm., The Side, Newcastle-on-Tyne (E) Nov. 1884 

Messenger, Thomas, Paris House, Snargate Street, Dover, Kent ... (E) Mar. 1887 

Metcalf, Thos., Jun., 18, John Street, Sunderland ... (S) \ ^/a<^"»^» May 1885 

I Member, Nov. 1893 

Metcalfe, C. S., 24, Croft Avenue, Sunderland (E) Nov. 1884 

Micheli, Pietro, Jun., Via Sottoripu, No. 1, piano nobile ... (E <t N A) Oct. 1888 

Middlemass, Thomas, 3, Albert Place, Norton Road, Stockton-on- 

Lees... ... .*•■ ■*■ ••• ■•• ■•■ *** *** \^^ \jQi\>m xuoS' 

Middleton, H., 7, Chelsea Grove, Newcastle-on-Tyne ... (I <t S M) Jan. 1893 

Middleton, Robert Alexander, Fairfield Works, Govan, Glasgow... (N A) Oct. 1892 

Milbum, Christopher J., Ovingham-on-Tyne (E) Feb. 1888 

Millar, Thos., c/o Messrs. Sir W. G. Armstrong, Mitchell, & Co., 

Walker Shipyard, Walker-on-Tyne (S) Nov. 1884 

Miller, Thomas B., Pier Head Chambers, Cardiff ... (E) /^Jraduate, Nov. 1886 

iMember, Oct, 1888 
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Mills, John, c/o Messrs. Greenock Steam Shipping Co., 

Greenock (E) Feb. 1888 

Mills, William, 16, St. George's Square, Sunderland (E) Feb. 1890 

Milton, J. T., Lloyd's Register of Shipping, 2, White Lion Court, 

Cornhill, London, B.C. - (E SUR) Not. 1886 

Moflfett, James, 7, Murray's Terrace, Belfast, L^land (E) | ^/^^^te, Dec. 1889 
* "^ ^ ' I Member, Oct. 1892 

Moffitt, George, 42, Stanley Street, Blyth (S) Oct. 1888 

Moffitt, Robert, 13, Grace Terrace, Sunderland (E) Dec. 1885 

Moody, Thomas V., 7, The Grove, Gosforth, Newcastle-on-Tyne ... (E) Dec. 1887 
Moore, Frederick, c/o Messrs. Wilson, Sons, & Co., Ld., Bahia ... (E) Oct. 1890 

Moorsom, Frederick, Queen Terrace, Seaton Carew (S) Nov. 1893 

Morch, C. J., 28, Archbold Terrace, Newcastle-on-Tyne (N A) June 1896 

Morgan, W. H., 22, Rochdale Street, Wallsend-on-Tyne (E) Nov. 1884 

Morison, D. B., 8, Albion Terrace, Hartlepool (E) Feb. 1885 

Mork, Peter, 31, Holsteinsgude, Copenhagen (E) Nov. 1884 

Morrison, Robt., 5, Challoner Terrace, South Shields (E) Nov. 1886 

Morrison, William, Lloyd's Register of Shipping, 2, White Lion 

Court, Cornhill, London, E.C (E SUR) Oct. 1890 

Morton, Richard Fraser, Lloyd's Register of Shipping, Newcastle- 
on-Tyne (E SUR) Oct. 1890 

Mountain, William Chas., Messrs. Ernest Scott, Mountain, & Co., 

Close, Newcastle-on-Tyne (E E) Feb. 1889 

Mudd, Thomas, Central Marine Engine Works, West Hartlepool (E) Mar. 1886 

Muir, Alfred Ekiward, 13, Joannah Street, Sunderland (S) Mar, 1893 

Muir, Robert, 11, Clarence Crescent, Whitley, near Newcastle-on- 
Tyne (SUR) Oct. 1886 

Muir, Robert Home, 1, Lovaine Crescent, Newcastle-on-Tyne ... (S) Oct. 1892 

Mnsgrave, Evcrs, 147, St. Owen Street, Hereford ... (E)/ ^^^^^^e, Nov. 1891 

^ ^ I Member, Oct. 1896 
Mylcs, David, Northumberland Engine Works, Wallsend-on-Tyne (E) Nov. 1884 

N. 

Nastoupil, John, Chief Engineer, Austro-Hungarian Navy, Marine 

Casino, Pola, Austria (E) Nov. 1890 

Nevina, William, c/o S. Todd. Esq., c/o Messrs. R. & W. Hawthorn, 

Leslie, & Co., Hebburn-onTyne (E) Mar. 1894 

Ncwitt, Leonard, 20, East Parade, Newcastle-on-Tyne (E E) Dec. 1887 

Newton, Richard, Park Square, West Hartlepool (E) April 1889 

Nicholls, H. E., 25, Churchill Street, Sunderland (E) Nov. 1893 

Nichols, Walter W., 30, Denmark Street, Gateshead-on-Tyne ... (E) May 1895 
Nicholtv)n, John S., North View, Mowbray Road, Westoe, South 

Shields (E) Nov. 1893 

Nicholson, Walter E., Hebburn Boiler Works, Hcbburn-on-Tync (B B) April 1896 
Nicol, John M., 15, Linskill Terrace, North Shields (E) Nov. 1884 

Nicolson, G.C., H.M.S. "Alexandra," Portland, Dorset (E) f^/^^"*^' ^^^ ^^^ 

^ ' (Member, Oct. 1888 

Noble, George, 7, Dean Street, Newcastle-on-Tyne (E) May 1893 

Noble, Harry, Northern Machine Tool Works, Brewery Lane, 

Fclling-on-Tyne (E) Nov. 1888 

Noilder, Joseph, 503, Pitsmoor Roatl, Sheffield (F M) May 1898 



XUllI 

Normally W. S., Orchard House, Whitby, near Chester (E) Not. 1884 

Norton, Harold P., Engineer Coips U.S. Navjr, Washington, 

Noton, F. B., Lloyd's Register of Shipping, Bute Docks, Cardiff (S) Not. 1884 
Nones, Snriqae £., Engineer, Argentine Navy, 433, Calle Aya- 

cncho^ Bnenos Ayres (E) April 1891 



0. 

0*Halloran, Timothy, 205, Ayenne dn Commerce, Antwerp, 

Belgium ... ... ... ... ... ... ... ... (E) Jan. 1895 

Oliver, Hedley, 6, Tower Chambers, Water Street, Liverpool ... (E) Oct. 1892 

O'Neill J. J., 2, Erith Terrace, Sunderland (E) Nov. 1884 

Orde, B. L., c/o Messrs. Sir W. G. Armstrong, Mitchell, k Co., 

Walker Shipyard, Newcastle-on-Tyne (E) Oct. 1887 

Orlando, Chev. Giuseppe, Cantiere Navale, Fratelli Orlando, 

L^hom ••• ... ... ... ... ... ... ... (N A) Jan. 1893 

Orr, Begmald, 18, Bulwer Street, Shepherd's Bush, London, ( Graduate, Mar. 1890 

W. (E) \ Member, Oct. 1892 

Oxley, G., 39, Norman Terrace, Howdon-on-Tyne (S) Nov. 1884 

Oxton, Walter, 96, Blackpool Street, Burton-on-Trent (E) [ ^^*<l^a^» ^^- ^^^^ 
, , i~- , ^ f I Member, May 1894 



P. 

Pftcey, John W., c/o Messrs. Midland Coal, Coke, & Iron Co., 

Apendale, near Newcastle, Staffordshire (E) Feb. 1888 

Parsons, Hon. Charles A., Holeyn Hall, Wylam-on-Tyne (E E) Dec. 1887 

Parsons, Harry F., 83, Cardigan Terrace, Heaton, Newcastle- 
on-Tyne ... ... ••• ... ... ... ... ... (E) Dec. 1890 

Pascoe, J. R., Tyrmont, Woodford Green, Essex {Life Member) ... (S) Dec. 1889 

Patterson, Jas., West Lodge, Walker-on-Tyne ... (E) Nov. 1884 

Pftttison, Jos., 123, Bute Road, Cardiff (E) Nov. 1884 

Paulson, John, Messrs. The Wm. Cramp k. Sons* Ship and Engine 

Building Co.. Philadelphia, tJ.S.A (S) Feb. 1886 

Payne, Henry Femie, c/o Messrs. Henry Fernie & Sons, Rumford 

Street, Liverpool (E) Dec. 1895 

Peacock, Nicholas B. J., 30, Dingle Road, Tranmere Park, Birkcn- 

xiesu ... ... ... ... ... ... ... ... ..I lb I v/Cb. xOvA 

Pendred, L. St. L., 186, Portland Road, NewQastle-on- ( Graduate, Mar. 1894 

Tyne (E) I Member, Oct. 1895 

Penney, R. H., Board of Trade Offices, 79, Mark Lane, London, 

E.C ... ... ... ... ... ••. ... ... ^S SUR^ Nov. 1884 

Pepper, W., Sunnyside, West Villas, Oxbridge Lane, Stockton-on- 

xCeS *■ ... ... ••« ... •*. ... ... ... v^y JNOV. loOO 

Petersen, John L., 18, Bellerby Terrace, West Hartlepool (E) Oct. 1888 

Petree, James, Lloyd's Register of Shipping, 2, White Lion Court, 

Comhlll, London, B.C (N A SUR) Oct. 1885 

Petrini, Giacomo Loigi, C.E., c/o Messi-s. Gio Ansaldo & Co., Sestri- 

Ponente, Italy (N A) Nov. 1892 

Petterson, Carl Edwin, 7, Vestra Hamngaten, Gothenburg, Sweden (E) Oct. 1891 
Philipson, Roland, Tynemouth (E) Dec. 1884 

TOL. XIL-UB6. C 
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PhUlipe, Walter, 28, Brownhill Road, Catford, London, S.E. (N A It E) Oct. 1886 

PhoTBon, P., Glen Lea, Boker, Sunderland (S) Nov. 1884 

Piand, Leon, Barean Veritas, 8, Place de la Bourse, Paris (N A) Nov. 1888 

Pitt, Frederick William, 16, Wilberforce Terrace, Gateshead-on- 

Tyne (E SUR) Oct. 1890 

Plotnicki, B. C, The Avenue, Wallsend-on-Tyne (E) Nov. 1886 

Poli, Rodolfo, Chioggia, Italy (N A) Jan. 1890 

Potts, Cuthbert Ivan, 6, Rodsley Avenue, Gateshead-on-Tyne ... (E) Oct. 1895 

Potts, Matthew, 86, Glen Terrace, Hebbum-on-Tyne (S) Dec. 1890 

Potts, Robert, 11, Mount Pleasant, Deptford, Sunderland (S) Oct. 1888 

Powell, James Richard, Pier Head Chambers, Cardiff (C E) May 1894 

Price, F. D., 6, Osborne Villas, Jesmond, Newcastle-on-Tyne (E It S) Oct. 1888 
Price, John, 6, Osborne Villas, Jesmond, Newcastle-on-Tyne ... (S) Nov. 1884 

Pringle, Alfred, 10, Somerset Terrace, Walker-on-Tyne (S) | ^/^^»^®» ^^' ]ll] 
^ J V y I Member, Jan. 1894 

Pringle, James G., 10, Somerset Terrace, Walker-on-Tyne (S) Oct. 1892 

Proeser, James, 205, Albert Road, Jarrow-on-Tyne (E) Nov. 1893 

Purdon, Andrew S., Fairfield Works, Govan, Glasgow (S) Oct. 1892 

Purdy, A. J., Philipson Street, Willington Quay-on-Tyue ... (E) Nov. 1884 

Pnrves, David, Wybome Gate, Westcliffe Road, Birkdale, South- 
port ... ... ... ••. ... ... ... ... ...(SUn^ X/eC. looO 

Purvis, Fred. W., 5, Greatham Terrace, West Hartlepool (8) April 1893 

Putnam, T., Darlington Forge, Darlington (F M) Nov. 1884 

Putnam, William, Darlington Forge, Darlington (F M) Nov. 1884 



Q. 
Quicke, Herbert John, 5, Grazebrook Road, Clissold Park, London, 

J^ m ••• ••• ••• It* ••• !•• ••• ••• ••• IEbI f vLI« J OvX 

R. 

Rae, John, 11, Gray Street, Glasgow, N.B (E) April 1886 

Ralston, G. C (E) Oct. 1887 

Ramagc, J. T., St. Aubyn*s, Bennington, Edinburgh (E) April 1887 

Ramagc, John Anderson, 74, Glen Terrace, Hcbburn-on-Tync ... (S) Oct. 1892 

Rcadhcad, Jas., Beach View, South Shields (S) Nov. 1884 

Rcadhead, John, 4, Salisbury Place, South Shields.. (E) Mar. 1886 

Readhcad, R., 28, Sea View Terrace, South Shields (E) Nov. 1884 

Rcadhead, W. B., South-garth, Wcstoe, South Shields (S) Nov. 1886 

Reavell, W., co Messrs. Balx^ock & Wilcox, 147, Queen ( Graduate, April 1885 

Victoria Street, London, E.G. ... ' (E) ' Member, Oct. 1887 

Rccd, Joseph, Angerton House, North Shields (E) Oct. 1889 

Koed, J. W., c'o Messrs. Palmer's Shipbuilding and Iron Co., 

Limited, Engine Works Department, Jarrow-on-Tyne ... (E) Nov. 1884 
Rce<l, Riclianl, c/o Messrs. Wigliam Richardnon & Co., Xeptuno 

Works, Walker-on-Tyne (S) Oct. 1894 

Ucnnolds')n, C, Messrs. J. P. Hennoldson <fe Sons, South Shields (S) Jan. 1886 

Uonnoldson, Jos. M., Messrs. J. P. Uennoldson & Stms, South ShioMs (S) Feb. 1886 

Ronton, John, 1, Akenside Hill, Newcastle-on-Tyne ... (M SUR) April 1895 

Reynolds, Charles H.,c/o Messrs. Sir W. G. Armstrong, Mitchell, & 

_, Co., Walker-on-Tyne (S) Mar. 1889 

Nofiu. 
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Reynolds, W. G., 4, Ulfra Terrace, South Shields (E) Oct. 1886 

Bichardson, T., B.A., M.P., Hartlepool Engine Works, Hartlepool (E) April 1888 

Rickaby, A. A., Bloomfield Engine Works, Sunderland (E) Mar. 1888 

Ridley, J. H., Messrs. R. & W. Hawthorn, Leslie, & Co., St. Peter's, 

Newcastle-on-Tyne (E) Nov. 1884 

Riley, J. H., Messrs. Riley Bros., Stockton-on-Tees (B B) May 1893 

Ritson, M., Lloyd's Register of Shipping, 29, Regent Quay, 

Aberdeen (E SUR) Nov. 1884 

Ritson, S. M., c/o J. H. Hallett, Esq., 123, Bute Docks, ( Graduate, Nov. 1887 

Cardiff (E) I Member, Nov. 1893 

Robinson, William, 7, Choppington Street, Newcastle-on- ("Graduate, May 1885 

Tyne (E) (Member, April 1888 

Robson, Arthur, Messrs. J. Blumer 8c Co., North Dock, Sunderland (8) Dec. 1886 

Robson, George, 9, Wellington Terrace, South Shields (E) Oct. 1889 

Robson, George, 140, Aurelian Terrace, South Shields (E) Feb. 1896 

Robson, Geo. Edward, 61, Thornton Street, West Hartlepool ... (8) Nov. 1893 
Robson, John H., Grainger Commercial Hotel, Newcastle-on-Tyne (E) Nov. 1885 

Robson, J. M., 4, Abbey Terrace, Gateshead-on-Tyne (E) Nov. 1884 

Robson, M., 23, Zion Terrace, Newcastle Road, Sunderland ... (S) Nov. 1884 
Roger, Robert, Stockton Iron Foundry, West Row, Stockton-on-Tees (E) Nov. 1888 
Rogers, Herbert M., Laurel Bank, Bromley Common, Kent (SUR) April 1889 

Rolf, George, Lefroy House, Newcastle-on-Tyne (E E) May 1892 

Rolland, Alexander, Villa Ruzic, Susak, Fiume, Hungary (E) Mar. 1892 

Ropner, Robert, Jun., Stockton-on-Tees (S) Feb. 1886 

Boseti, S., 8, Radnor Place, Birkenhead (N A) June 1896 

Ross, William, 20, Meadow Side, Dundee (E) May 1893 

Rosser, W. D., Messrs. The Cardiff Pontoon Company, Mount 

Stuart Square, Cardiff (S) Nov. 1893 

Rowan, Jas., 231, Elliott Street, Glasgow (E) Nov. 1886 

Rowell, G. W., Simla House, New Benwell, Newcastle-on-Tyne ... (E) Feb. 1885 

Rowell, H. B., Hebbum Hall, Durhamshire (S) Nov. 1884 

Rusden, L., 14, Sanderson Road, Jesmond, Newcastle-on-Tyne ... (E) Nov. 1884 

Russell, F. Herbert, Scotia Engine Works, Sunderland (E) Oct. 1891 

Rutherford, G., Messrs. Mercantile Pontoon Co., Roath Dock, 

Cardiff (S) Oct. 1886 

Rutherford, J. T., 123, Whiteman Road, Harringay, London j Graduate, Jan. 1886 

(E) I Member, Nov. 1893 

Ryder, C. L., 53, James Street, Docks, Cardiff (E) Oct. 1886 

Ryder, William J. H., Hartford Bridge House, Cramlington, R.S.O. (E) Oct. 1891 

S. 

Sahnon, P., 5, The Oaks West, Sunderland (E SUR) Nov. 1884 

Sambidge, James, c/o Messrs. J. H. Holmes & Co., Portland Road, 

Newcastle-on-Tyne (E E) Nov. 1891 

Sandeman, John Watt, 2, St. Nicholas' Buildings, Newcastle-on- 
Tyne... ... ... ... ... ... ... ... ... (E) Oct. 1891 

Sanderson, Heniy Thomas Barron, Messrs. Sanderson & Co., High 

Quay, Blyth (E) Oct. 1891 

Sanderson, J., 31, Park Road, Jarrow-on-Tyne (S) Nov. 1884 

Sandison, M., 12, Beech Grove Road, Newcastle-on-Tyne (E) Dec. 1884 

Sawyers, John, c/o Messrs. Thos. Wilson, Sons, »Sc Co., Hull ... (E) Oct. 1880 



XXXVl 

Scbaeffer, A. G., 32, Side, Newcastle-on-Tjne (E) Kov. 1884 

Scotson, Wm., Fair View, Wood Green Road, Wednesbury ... (E) Nov. 1684 

Scott, Ernest, Close Engine Works, Newcastle-on-Tyne (E E) Not. 1884 

Scott, James, c/o Messrs. Consett Iron Co., Blackhill, Co. Durham (E) Oct. 1892 

Scott, Joseph B., 9, Queen Street, Newcastle-on-Tyne (E) Oct. 1887 

Scott, William, c/o Messrs. R. & W. Hawthorn, Leslie, k Co., St. 

Peter's, Newcastle-on-Tyne (E) Nov. 1884 

Scott, William, 134, King's Road, Cardiff (E) June 1896 

Scnrlock, Thos. Henry, 12, Windsor Road, Barry, near Cardiff ... (8) Oct. 1890 
Seabury, Edward, 40, West India Road, Limehouse, London, E. .. (E) Mar. 1886 

Seaman, C. J., Fairfield, North Stockton-on-Tees (E) Jan. 1889 

Seaton, Albert Edward, Mci^rs. Earle's Shipbuilding Co., Hull ... (E) Jan. 1891 
Seddon, Joseph A., The British Corporation Registry of Shipping, 

56, Mount Stuart Square, Cardiff (SUR) Mar. 1896 

See, Horace, 1, Broadway, New York City, U.S. A (E) May 1896 

Sells, C. Degrave, Comigliano, Ligure, Italy (E) Oct. 1887 

Sband, H., 39, Holly Avenue, Newcastle-on-Tyne (E) Nov. 1884 

Sharp, A. B., 16, Bede Bum Road, Jarrow-on-Tyne (E) Nov. 1884 

Sharp, Mark, 144, Albert Road, JarroW'On-Tyne (E) Dec. 1889 

Shaw, Jas., 26, Sandhill, Newcastle-on-Tyne (M SUR) Jan. 1885 

Sheriff, Thomas, c/o Messrs. Robert Mackill & Co., 29, Waterloo 

Street, Glasgow (E) April 1890 

Short, J. T., 49, West Sunniside, Sunderland (S) Nov. 1884 

Short, Jos., 49, West Sunniside, Sunderland (S) Nov. 1884 

Shotton, John W., 32, Mount Stuart Square, Cardiff (SUR) Nov. 1886 

Shute, A. E., 12, Clyde View, Partick, Glasgow (E) Dec 1892 

Sibun, William, Lloyd's Register of Shipping, Bute Docks, Cardiff (SUR) Mar. 1896 

Sim, John Archibald, 1, South Cliffe, Rokcr, Sunderland (S) Jan. 1896 

Simpson, Edward, Bud<lle Street, Wallsend-on-Tync (S) Dec. 1890 

Simpson, Kenneth, 41, Dalton Road, Barrow-in-Fumcss (S) } ^™^"a*^» ^^' 1^93 
^ ^ M Member, Oct. 1895 

Sinclair, R., c o Messrs. J. Wildridge & Sinclair, Consulting 

Engineers, 97, Pitt Street, Sydney, N.8.W., Australia ... (C E) Nov. 1884 

Sinton, John K., 26, Sandhill, Newcastle-on-Tyne (E) Nov. 18S5 

Sissou, Wm., Gloucester (E li N A) Oct. 1888 

Sivewright, G. W., 5, Radcliffe Terrace, Hartlcpuol (S) Nov. 1886 

Skinner, Leslie, Ravensboume Terrace, South Shields (S)-! „ . * ' ,^^, 

^ ^ I Member, Oct. 1891 

Smith, C. E., 73, Thoniton Street, West Hartlepool (E) Nov. 1888 

Smith, Eustace, 5, Queen Street, Newcastle-on-Tyne (S) Nov. 1884 

Smith, L. Eustace, 22, St. Mary's Place, Newcastle-on- 1 Graduate, Oct. 1889 

Tyne (E) I Member, Oct. 1892 

Smith, Thomas, Steam Crane Works, Old Foundry, Rodley, near Leeds (E) Oct. 1888 
Smith, Thomas Edwanl, Messrs. John Smith & Sons, Newgate 

Street, Newcastle-on-Tyne (E) April 1885 

Smith, Wm., 152, Roker Avenue, Sunderkud M (E) Nov. 1884 

Soliani, Nal>ur, Sotto Direzione Delle Costruzioni Navali del R^ 

Cantierc di CaHtellammare di Stabi, Italy (S) Jan, 1885 

Sowter, Isaac G., Messrs. The Cleveland Shipbuilding Co., 

Cleveland, Ohio, U.S. America (E) Jan. 1889 

Spear, John, c/o Messrs. T. Wilson & Sons, Hull (E) Oct. 1887 

SiK'arman, Bichanl, Each wick House, Dalton, NewcJujiie-on-Tyue (E) Feb. 1889 
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Spence, W. G., c/o George Clark, Esq., Southwick Engine Works, 

SundeilsLJid (Life Jf&ffiber) (E) Nov. 1884 

Spencer, J. W., Newburn Steel Works, Newburn-on-Tyne ... (E) Feb. 1886 
Stafford, William, 8, Tyne Vale Terrace, Bensham, Gateshead-on- 

Tyne (E) Nov, 1885 

Stansfield, George R., The Grove, Westoe, South Shields (E) Mar. 1891 

Stephen, A. E., Linthouse, Govan, Glasgow (E It S) Jane 1896 

Stephen, John Murray, Northumberland Engine Works, Wallsend- 

on-Tyne (E) Oct. 1895 

Stephenson, C, 2, Elm Terrace, The Green, Wallsend-on-Tyne ... (S) Nov. 1884 

Stevenson, Wm., 27, Elton Street, Wallsend-on-Tyne ... ... (E) Nov. 1884 

Stewart, James, 31, Lily Avenue, Jesmond, Newcastle-on-Tyne .. (E) Oct. 1890 

Stirling, Andrew, Jnn., 1, Greenvale Terrace, Dumbarton (E) Feb. 1888 

Stirzaker, J. C, 16, Grosvenor Place, Newcastle-on-Tyne... ... (E) Nov. 1884 

Stoddart, J. E., Lloyd's Register of Shipping, White Lion Court, 

Comhill, London, E.C (E SUR) Oct. 1888 

Stoddart, Swinton, 24, North Milbum Street, Sunderland (S) I ^/^^^^ate. May 1885 

^ M Member, Nov. 1892 

Stokoe, Thomas W., 66, Northcote Street, South Shields (S) Dec. 1885 

Stone, Wm., 13, Rosslyn Terrace, Sunderland (S) Nov. 1884 

Strong, George Aaron, 87, West Percy Street, North Shields ... (E) Dec 1889 

Stroughair, John W. H., Whitewell Lane, Ryton-on-Tyne ... (E) Nov. 1894 

Summers, James, 114, Grange Road West, Middlesbrough ... (E) Mar. 1889 

Summersby, Robert Arthur, 4, Otterburn Terrace, Jesmond, 

Newcastle-on-Tyne ... (E) Oct. 1891 

Surtees, Francis V., Westbdurne Street, Stockton-on-Tees ... (S) Dec. 1892 

Surtees, R., Frame House, Low Teams, Gateshead-on-Tyne ... (E) Nov. 1884 

Swan, A. S., Grove House, GJosforth, Newcastle-on-Tyne (S) Nov. 1888 

Swan, Charles Sheriton, c/o Messrs. C. S. Swan & Hunter, i Graduate, Nov. 1890 

Wallsend-on-Tyne (S) | Member, Mar. 1894 

Swan, H. F., North Jesmond, Newcastle*on-Tyne (8) Nov. 1884 

Swinburne, M. W., 117, Park Road, Newcastle-on-Tyne (E) Nov. 1884 

Swinburne, T. M., Bewick Road, Gateshead-on-Tyne (E) Jan. 1886 

Swinney, W., 10, Wentworth Terrace, Westoe Lane, South Shields (E) Dec. 1888 

Sydserff, Thomas B., Jun., 68, Bath Road, Totterdown, Bristol ... (E) Oct. 1888 

Syme, James, Fairfield Works, Govan, Glasgow (E) Oct. 1892 



T. 

Tate, Chas. H., 7, Side, Newcastle-on-Tyne (N A) Nov. 1884 

Taylor, Alexander, Biaritime Buildings, King Street, Newcastle- 
on-Tyne ... ... ... ... ... ... ... ... (E) Nov. 1884 

Taylor, 0. W., South Garth, Westoe, South Shields (E) Aprill885 

Taylor, John, 1, St. Alban's Place, Tynemouth (E) Dec. 1894 

Thompson, C. E., Messrs. J. L. Thompson & Sons, North Sands, 

Sunderland (S) Nov. 1884 

Thompson, Charles, M.A., 33, Mosley Street, Newcastle-on-Tyne (E) Feb. 1887 

Thompson, Jas., 2, Carlton Terrace, Sunderland (E) Dec. 1886 

Thompson, John Augustus, 12, London Street, Fenchurch Street. 

T/ondon, E.C (E ti N A) Oct. 1892 

Thompson, J. L., North Sands Shipyard, Sunderland (S) Nov. 1884 
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Thompson, Robert, North Sands Shipyard, Sunderland (S) Nov. 1884 

Thomson, James, M.A., c/o Messrs. Sir W. G. Armstrong, Mitchell, 

k Co., Ordnance Works, Elswick, Newcastle-on-Tyne (ElkN A) Nov. 1890 

Thorn, W. H., 6, Waterville Terrace, North Shields (E) Nov. 1884 

Thornton, James, c/o Messrs. The Mercantile Dry Dock Co., Ltd., 

Jarrow-on-Tyne (E) April 1893 

Tinn, Fred. D., 2, Sunningdale Terrace, South Shields (E) Nov. 1891 

Todd, W. Surtees, c/o Messrs. R. & W. Hawthorn, Leslie, k Co., 

Hebbum-on-Tyne (S) Nov. 1884 

Todd, Thomas, 110, Fenchurch Street, London, B.C (E) Nov. 1385 

Toovey, Alfred F., Ovington Cottage, Prudhoe, Northumberland (E) Dec. 1894 

Topp, Carl, Schichan Werfl, Danzig, Germany (S) Oct. 1894 

Towers, Edward, Jun., 4, Latimer Street, Tynemouth (E) /graduate, Nov. 1886 

I Member, Oct. 1888 

Trail, Jolm, 25, Sanderson Road, Jesmond, Newcastle-on-Tyne (M S) Oct. 1892 
Trewent, F. J., 43, Billiter Buildings, Billitcr Street, London, 

£.0. ... ..• ... ... ... ... ... ... •• C^y i^ec. loo4 

Trowoli, Wm. John, 37, Caroline Street, Jarrrow-on-Tyne ... (E) Oct. 1894 

Tulip, George, Universities Mission, Lake Nyassa, Central Africa (E) Dec. 1888 

TurnbuU, Charles, Jun., Hylton Lodge, North Shields (E E) Oct. 1894 

Turner, S. J., 71, Warwick Street, Heaton, Newcastle-on-Tyne ... (E) Mar. 1887 
Turpie, David Whyte, c/o Messrs. W. Pickersgill & Sons, South- 
wick, Sunderland (8) Dec. 1895 

Twaddell, James L., 4, St. John's Terrace, Jarrow-on-Tyne ... (S) Oct. 1891 

Tweedy, J.. Neptune Works, Walker-on-Tyne (E) Nov. 1884 

Twigden, George J., c/o Messrs. Hick Bros., Mount Stuart Square, 

Cardiff (E) Jan. 1890 

Tyzack, George, Dean Street, South Shields (E) Aprill888 



U. 

ailstrom, Otto, 84, Leadcnhall Street, London, E.C (S) Nov. 1884 

tJlm, John, The Arsenal, Pola, Austria (E) Nov. 1885 



Vianson, N. E., ri4 Corsica 20,1, Genoa, Italy (E) Dec. 1886 

Vick, R. W., Messrs. Furness, Withy k Co., Middleton Shipyartl, 

West Hartlepool (S) Nov. 1888 

Vivet, Leon, 47, Rue St. Andre de Arts, Paris (N A) Nov. 1892 

« 

W. 

Wjuhvjraki, Yasuzo, Iinperi.il Naval Dockyard, Yokosuka, Japan ... (E) Jan. 1891 

Wailes, T. W., Mount Stuart Dry Docks, CanliiT (E 1^ S) Oct. 1887 

Wait, Thomas Herbert, Call's Buildings, Quayside, Ncwcastle-on- 

Tync (C E) Dec. 1893 

Wake, Tom, 2, Cliff Terrace, llartleimol (E) April 1892 

Wak'him, John F., 38, King John Street, Newcaslle-on-f Graduate, Mar. 1893 

Tyne (S)t Member, Oct. 1895 

Walker, Archibald, Eli/.afiel(l House, North Fort Street, Leith, N.B. (E) April 1887 
Walker, Henry, 11, Oxford Terraco, Gatoshcad-on-Tync (E E) Feb. 1893 
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Walker, John, c/o Messrs. R. Stephenson & Co., Limited, South 

Street, Newcastle-on-Tjne (E * S) Nov. 1891 

Wallau, J., c/o Messrs. Black, Hawthorn, & Co., Gateshead-on-Tyne (E) Nov. 1884 

Walliker, J. F., Lloyd's Register of Shipping, Bute Docks, CardiflE (E) Nov. 1886 

Walliker, John George, Barry, near Cardiff (E) May 1896 

Wallis, Robert, Wh.Sc., Point Pleasant House, Wallsend-on-Tyne (E) April 1891 

Walter, Max, Norddeutscher Lloyd, Central Bureau, Bremen ... (S) Feb. 1893 

Walton, J. G., 26, Fenchurch Street, London, E.C (E) Nov. 1884 

Walton, Samuel, 34, Pollard Street, South Shields (E) Dec. 1893 

Warburton, J., 9, Foyle Street, Sunderland (E) Nov. 1884 

Ward, John, c/o Messrs. W. Denny & Bros., Dumbarton (S) Dec. 1891 

Ward, Mark M., 76, Church Street, West Hartlepool (E) Dec. 1893 

Wardale, Henry, 6, Collingwood Terrace, Gateshead-on-Tyne ... (E) Feb. 1888 

Warden, Thomas M., 21, Windermere Street, Gateshead-on-Tyne (E) Oct, 1894 
Watson, Thomas Henry, 10, Neville Street, Newcastle-on-Tyne ...(SUR) Jan^ 1896 
Watt, Robert B., c/o Messrs. Sir Raylton Dixon & Co., Cleveland 

Shipyard, Middlesbrough (S) April 1888 

Watts, Philip, Klswick Shipyard, Newcastle-on-Tyne (S) Nov. 1885 

Weidemann, Nils, Det-Norske Veritas, Christiania, Norway ...(SUR) Jan. 1892 
Weighton, B. L., M.A., Durham College of Science, Barras Bridge, 

Newcastle-on-Tyne (E) Nov. 1884 

Weir, George Dobie, Northumberland Engine Works, Wallsend- 
on-Tyne ... ... ... ... ... ... ... ... (E) Oct. 1894 

Weir, John, c/o Messrs. J. Scott & Co., Abden Works, King- 

hom, N.B. ... ... ... .. ... ... ... ... (E) Nov. 1884 

Weir, William, c/o Messrs. Wigham Richardson & Co., Walker- 

on-Tyne ... ... ... ... ... ... ... ... (E) Nov. 1889 

Welton, J. G., 12, flendon Valley Road, Sunderland (E) Nov. 1893 

West, Henry H., British and Foreign Chambers, 6, Castle Street, 

Liverpool (E li N A) Oct. 1886 

Westgarth, Tom, Messrs. Westgarth, English, & Co., Middlesbrough (E) Oct. 1886 

Westmacott, Alfred, Benwell Hill, Newcastle-on-Tyne (E) | C^^aduate, Dec. 1885 

' ^ V y J Member, Nov. 1892 

Westmacott, P. G. B., Benwell HUl, Newcastle-on-Tyne (E) Nov. 1884 

Wheater, Chas. Busfield, 22, Victoria Street, Newcastle-on-Tyne (E) Oct. 1894 

Wheeler, Oswald (^) 1 Member^' S.* S 

White, C, 13, Mosley Street, Newcastle-on-Tyne (E) Nov. 1884 

White, Ernest T., 6, Rydal Street, Gateshead-on-Tyne (E) f Graduate, May 1889 

* "^ ' ^ ^ i Member, Jan. 1894 

White, R. S., Walker Shipyard, Walker-on-Tyne (S) Nov. 1884 

Whitfield, Thomas, Messrs. Tyne Dock Engineering Co., South 

Shields (E) April 1896 

Whittaker, Frederick W., Dockyard, Messrs. Mersey Docks and 

Harbour Board, Liverpool (E) Oct. 1892 

Whyte, Whl, b, Lombard Street, Ncwcastle-on-Tync (E) Nov. 1884 

Widdas, T. D., 56, Plasturton Avenue, Cardiff (SUR) April 1885 

Wilkie, J., 24, Camden Street, Southwick, Sunderland (E) Nov. 1884 

Williams, T. Fitzroy, Board of Trade Offices, North Shields ... (E) Feb. 1890 

Williams, Thomas R., 178, Bede Burn Road, Jarrow-on-Tyne ... (S) Oct. 1895 

Wilson, Henry J. H., 117, Bede Burn Road, Jarrow-on-Tyne .. (E) Nov. 1895 

Wilson, James. Messrs. G. Clark & Co., Southwick, Sunderland ... (E) Jan. 1896 
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Wilson, John Paul, Messrs. Palmer's Shipbuilding Co., Jarrow-on- 

Tyne... ... ••• ... ... ... ... ... ••• (S) Oct. 1896 

Wilson, Thomas, 6, Aiskell Street, Sunderland (E) Oct. 1896 

Wimble, Arthur, c/o Messrs. Wigham Richardson k Co., Neptune 

Works, Walker«K)n-Tyne (E) Dec 1898 

Winstanley, P. D., Bureau Veritas Register of Shipping, 166, 

Fenchurch Street, London (8) Nov. 1884 

Winter, Thor., Skeppsdockan, Helsingfors, Finland (E) Nov. 1893 

Withy, H., Middleton Shipyard, West Hartlepool (S) Nov. 1884 

Wood, Henry Alfred, The Longlands, Middlesbrough-on-Tees ... (S) Dec. 1893 
Wood, Joseph, Foundry Manager, Deptford Yard Brass Works, 

Sunderland (E) Mar. 1896 

Wortley, Henry B., 23, Bedford Road, Rock Ferry, Birken- j Graduate, Jan. 1886 

head (S) ( Member, Nov. 1892 

Wray, Thomas W., Board of Trade Offices, Sunderland (SUR) Jan. 1896 

Wright, R., 6, Hawthorn Terrace, Newcastle-on-Tyne (E) Nov. 1884 

Y. 

Young, Andrew, Bureau Veritas Register of Shipping, 155, ( Graduate, Feb. 1892 

Fenchurch Street, London, B.C (S) i Member, May 1893 

Young, J. Denholm, 2a Tower Chambers, Liverpool (E) Oct. 1888 

Younger, R., BImire House, Heaton, Newcastle-on-Tyne (E) Nov. 1884 

Z. 

Zeeman, J. H., 6, Willemsplein, Rotterdam (S) Oct. 1889 



ASSOCIATES. 



A. 



Adam, John B., 8, Osborne Terrace, Newcastle-on-Tyne (O) Nov. 1893 

Anderson, Daniel G., Burnaby Lodge, Ryton-on-Tyne (A) Nov. 1893 

Armstrong, S., Bcaconsfield Street, Hartlepool (A) Nov. 1888 

Amott, James, 26, Dean Street, Newcastle-upon-Tyne (8 O) Oct. 1896 

B. 

Bacon, William Charles, Chad wick House, West Hartlepool ... (S O) Dec. 1890 
Ball, Alfred F., 14, Landsdowne Terrace, Gosforth, Ncwcastle-on- 

Tyne (A) Nov. 1894 

Barklam, George, 167, Dudley Port, Tipton, Staffordshire ... (A) April 1888 

Barr, John Smith, 5, Mosley Street, Newcastle-on-Tyne (A) Nov. 1893 

Barwick, J. S., Ashbrook Grange, Sunderland (SO) Nov. 1884 

Bell, John Henry, 39, Albert Diive, Polloksliields, Glasgow (I * S M) Oct. 1887 

Beynon, Thomas, 9, Dean Street, Ncwcastle-on-Tyne (E A) Oct. 1891 

Bigge, C. W., Northern Counties Club, Newcastlc-on-Tyue ... (A) Dec 1889 

Bingham, Col. J. E., Manufacturer, West Lea, Sheffield (M) Mar. 1896 

Bird, William, 8, Latimer Street, Tynemouth (A) May 1896 

Blacklin, Richard James, Dinsdale House, Brougham Terrace, 

West Hartlepool (S O) Dec. 1890 
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Briggs, B. S., Moorlands, Sunderland (SO) Dec. 1886 

Brims, D. N., 4, St. Nicholas' Buildings, Newcastle-on-Tyne ... (C) Nov. 1893 

Bninton, John, 3, Prior's Terrace, Tynemouth (SO) Oct. 1886 

Bollen, Tempest C, c/o Messrs. H. E. Moss & Co., K, Exchange 

Buildings, Newcastle-on-Tyne (S O) Nov. 1891 



C. 

Gaminos, T. L., Overseer, Argentine Navy, Grand Hotel, Ncw- 

castle-on-Tyne June 1896 

Carr, Ralph, Thomleigh, Clayton Road, Newcastle-on-Tyne (A ti S O) Nov. 1886 
Cassap, WUliam, 15, Bast Field Road, Walthamstow, Essex ...(SUR) Feb. 1890 

Caws, Frank, 22, Fawcett Street, Sunderland (C E) Oct. 1892 

Cohan, Edward Asher, 2, Rumford Place, Liverpool (S O) Nov. 1889 

Common, Francis James, 5, Elms West, Sunderland ... (I * S M) Oct. 1887 
Cooper, Charles, Average Adjuster, Wellington Road, West 

Hartlepool (A A) April 1893 

Corbitt, Michael, Springfield, Gateshead-on-Tyne (R M) Jan. 1890 

Cory, John, Cardiff (S O) June 1896 

Coull, John, 48, Stanley Street West, North Shields (S O) Oct. 1886 

Coverdale, R. H., Messrs. J. Coverdale & Sons, Steamship Owners, 

West Hartlepool • (SO) Nov. 1888 

Craik, A., Messrs. Blyth Dry Dock, Limited, Blyth (A) June 1896 

Crosier, Edward James, 8, The Hawthorns, Bast Boldon (A) Oct. 1889 

Culliford, J. H. W., 45, West Sunniside, Sunderland (SO) Nov. 1884 

D. 

Dodds, A. P., IB, Dean Street, Newcastle-on-Tyne (A) Jan. 1889 

Dodds, E. F., 36, Side, Newcastle-on-Tyne (A) Nov. 1893 

Dodds, John B., 36, Side, Newcastle-on-Tyne (CHEM) Oct. 1888 

Dove, Edward John, 5, St. Nicholas' Buildings, Newcastle-on-Tyne (M) Oct. 1890 

E. 

Bccles, Edward, Royal Insuiance Buildings, Queen Street, lUew- 

castie'On'Tjne (L^e Associate) (S O) Oct. 1887 

F. 

Frazer, Joseph, Britannia Buildings, Cardiff (M) June 1896 

FnmesB, Sir Christopher, Baltic Chambers, West Hartlepool ...(SO) Oct. 1888 

G. 

Graham, Frank, Bank Chambers, Mosley Street, Newcastle-on- 
Tyne (E A) Nov. 1891 

H. 

Hardy, John, Jun., Brunswick Street, West Hartlepool (I M) Nov. 1893 

Harland, George, 1, Westoe Crescent, South Shields (A) Dec. 1888 

Harrison, Thomas, 9, Bridge Street, Sunderland (A) Dec. 1894 
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Ifodloy, John H., 10, KHplaiiadc West, Sunderland (S) Dec. 1886 

HctmiU, UotHsrt, Northern Oil Works, Close, Newcastle-on-Tyne 

(JL//er AMMociate) (A) Nov. 1898 

Hisulop, Ulelmrd 0., Akcnside Hill, Newcastle-on-Tjne ... (I It S M) Oct. 1886 
ll<xl{(«;, W. P., c/o MeMsrtf. John Cory k Sons, Mount Stuart Square, 

i*tku\\ft ... ... ... ... ... ... ... ...(M S} Mar. 180n ' 

H'/f^l^, John ThoriiaH, Huto Docks, Cardiff (I It 8 M) April 1896 

lfolli/lA)r^ Hfrfiry, Bc<!«hKr<>ve, Hluckhill, Co. Durham (A) No7. 1896 

UnWU, H. K„ %S, Lilyhank (}ardcnrt, Hillhead, Glasgow ... (11^ S M) Feb. 1885 

Mri/f4oo. lialph M., .lun., H, The Cedars. Sunderland (S O) Dec. 1886 

Hn/|«^#»», ll/;U?it, *i4, llotMpur Htrcet, Tynemouth (A) Nov. 1895 

Mnriiirif/, ^'hArl<!K, f, Kxclmn^e Hu i Id ini^H, Quayside, Ncwcastle-ou- 

T/tt*i ... .-• ••• ••• ••> >>. ... .. (S O} Aprill886 

fifffff^UlK HltUmy K., rrluliiiK Court Chambers, Newcastle-on-Tyne (A) Nov. 1893 

I. 

ftrftf^J*hntU'n 11., Uuthcrford College, Newcastle-on-Tyne ... (E) Oct. 1891 

J. 

Inf,k\nn, Alfreil, Tweed House, Victoria Terrace, Jarrow-on-Tyne (A) Nov. 1893 
J'f^f^tn, W. J., c o Messrs. EU>bert Stephenson k Co.. South Street, 

Ncwcastle-on-Tyne (A) May 1889 

JittiUn, John George, 21, SUnsfield Street, Sunderland (A) Nov. 1893 

K. 
Koitip, James, Baltic Chambers, Newcastle-on-Tyne (8 O) Feb. 1896 

L. 

Letinard, William, c/o Messrs. J. M. Lonnanl & Sons, Middles- 
brough (S) Dec. 1891 

Moyd, John, Deptfonl Shipyanl, Sunderland (A) Oct. 1894 

liockic, .John, 4, Sanderson Uoail, West Jcsmond, Newcastle-on- 
Tyne C^ O) Oct. 1892 

Lodwidge, Philip, Baltic Chambers, Sunderland (A) June 1896 

M. 

Miiciirtliv, George E., *J, Doan Street, Newcastle-ou-Tyne (S O) Oct. 1887 

Mail, I><juglas B., 14, Humbleton View, Sunderland (M S) Feb. 1895 

Mauglian. Tho«»., Jun., HoUyfield House, Sorley Street, Sumlerland (A) Nov. 1893 
M;iu</fiau, William, 13. Mosley Street, Newcastle-on-Tyne ... (A) Feb. 1887 

Mchitoftli. K. v., .>.3, Quayside, Newcastle-on-Tyne (E A) Nov. 1891 

Mclntyn,*, John. 3, Abbotsfurd Terrace, Newcastle-on-Tyne ... (S O) Jan. 1885 

Me<-'k. J«jhn Geor^'c, 13, Belle Vue Park, Sunderland (A) Dec. 1894 

Metoalf. Thomas H, John Street, Sunderland (SUR) Jan. 1888 

Milburn, J. I)., Queen Street, Newcastle-on-Tyne (S O) Nov. 1884 

.Miller, T. H., 0. Great St. Helens. London, E.C (A li S O) Nov. 1884 

Mitcalfc, John Stanley, Chairman of Northern Maritime Insunmce 

Co., Maritime Buildings, Newcastlc-on-Tyne (A li S O) Jan. 1892 

Morton, Benjamin, 29, Azalea Terrsice N., Sunderland (SUP) Dec. 189u 



xliii 

BLBOTKD. 

Muir, James, 2, Diugle Lane, Liverpool (MS) Nov. 1893 

Malherion, G. F., 3, Bothbury Terrace, Heaton, Newcastle-on- 

Tyne ... ... ... ... ... ... ... ... (A) Nov. 1884 

MuUer, J. C. F., 28, Vieille Route, Antwerp (SUR) Feb. 1890 

Murray, Matthew, The Green, Wallsend-on-Tyne (A) Nov. 1893 

N. 

Nicholson, John, 7, Side, Newcastle-on-Tyne (MS) Nov. 1890 

Nixon, John, c/o Messrs. Blyth Shipbuilding Co., Blyth (A) Oct. 1894 

0. 

O'Hagan, James, 99, Quai de la Fosse, Nantes, France (A) Oct. 1888 

Olsen, Hans Benedick, 70, Church Street, West Hartlepool ...(SO) Mar. 1893 
Osboume, Jas., 11, The Oaks, Sunderland (S) Jan. 1885 

P. 

Patterson, Thos., 2, The Elms, Sunderland ... (S) Jan. 1885 

Perry, Edwin, Queen Street, Nevrcastle-on-Tyne (A) Nov. 1885 

Petersen, Ferd. William, Messrs. Petersen & Tate, Bank Chambers, 

Sandhill, Newcastle-on-Tyne (S O) Nov. 1893 

Phalp, Oliver, Almora, 37, Richmond Road, CardiflE ... . (SUR) Feb. 1889 

Pinkney, Thomas, 3, Ashbrook Terrace, Sunderland (SO) Dec. 1886 

Pirrie, Robert Reid, Baltic Chambers, Quayside, Newcastle-on-Tyne (S O) Dec. 1889 
Proctor, J. H., 22, Hawthorn Terrace, Newcastle-on-Tyne ... (I M) Npv. 1893 

B 

Badcliffe, Daniel, Cardiff (S O) June 1896 

Radcliffe, Henry, Cardiff (S O) June 1896 

Radloff, Captain O., c/o Messrs. R. & W. Hawthorn, Leslie, & Co., 

Limited, Shipyard, Hebburn-on-Tyne (MS) Nov. 1891 

Bamsay, J. W., 13, Northbrook Road, Lee, Kent (A) Feb. 1885 

Reichwald, A., Lombard Street, Newcastle-on-Tyne (A) Nov. 1884 

Reid, Andrew, Printer, Akenside Hill, Newcastle-on-Tyne ... Nov. 1884 

Benwick, G., Messrs. Fisher, Renwick, & Co., Maritime Buildings, 

King Street, Newcastle-on-Tyne (SO) Nov. 1884 

Bickinson, John, 9, Church Street, West Hartlepool (SO) Nov. 1890 

Riddle, John C, 60, Grey Street, Newcastle-on-Tyne (A) May 1896 

Bobson, Frederick, 46, Dean Street, Newcastle-on-Tyne ... (S I M) Oct. 1887 
Bobson, John William, G, King Street, Newcastle-on-Tyne ... (M) April 1896 

Kobson, Thos., Causeway House, Sunderland (S O) Nov. 1884 

Bancieman, John Finley, Village Terrace, Westoe, South Shields (M S) Nov. 1892 
Banciman, Walter, Fernwood House, Clayton Road, Newcastle- 
on-Tyne (SO) May 1895 

S. 

Scholedeld, A., 17, Sandhill, Newcastle-on-Tyne (S O) Nov. 1884 

Scott, W. H., Messrs. Scott Brothers, Dean St., Newcastle-on-Tyne (S O) Nov. 1884 

SnowdoiijW. P., 32, Side, Newcastle-on-Tyne (E A) Dec. 1886 

Sqaance, J. W., 13, The Atenue, Sunderland (M S) April 1888 
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XLVORD. 

Storey, Christopher, 28, Holly Avenue^ Jesmond, Newcastle- oa- 

J yil6««« •«• ••• •** ..• ••• ••• ••■ ■• \^y ApTll lovv 

Swan, Isaac J., Grove Hoose, Gosforth, Kewcastle-on-Tyne ...(SO) Feb. 1888 

T. 

Tate, Arthur, Messrs. Petersen & Tate, Bank Chambers. Sandhill, 

Newcastle-on-Tyne (O) Not. 1893 

Thompson, V. T., Baltic Chambers, Sanderland (SO) Dec. 1886 

Todd, John Stanley, Percy Park, Tynemouth (U) Nov. 1896 

Towers, Edward, 4, Latimer Street, Tynemouth (A) Oct. 1888 

Tamer, Edwin, 32, Powell Road, Clapton, London, N.B (A) Oct. 1896 

W. 

Wade, Wentworth S., 2, Otteran Place, South Parade, Waterford (M S) April 1896 
Wait, James, Maritime Buildings, King Street, Newcastle-on-Tyne (S O) Novi 1884 

Walker, James, 87, Jesmond Road, Newcastle-on-Tyne (SO) Mar. 1894 

Watson, Thomas W., Gisbum House, Hartlepool (W S) Nov. 1890 

Weatheral, Henry, 27, Alderson Street, West Hartlepool (A) Feb. 1898 

Whitfield, John, Blyth ... (S) Nov. 1896 

Wight, Robert M., 42, The Exchange, Cardiff (M) Jane 1896 

Wilson, F. Alfred, 45, West Sunniside, Sunderland (I M) Nov. 1893 

Y. 

Yeoman, P., Messrs. Murrell & Yeoman, West Hartlepool ...(SO) Nov. 1888 

Younger, Robert Laurie, Messrs. Greenock Steamship Co., Limited, 

Greenock (A) Feb. 1889 



GRADUATES. 

A. 

Adams, Cecil Turner, 6, Mutual Street, Wallsend-on-Tync ... (E) Oct. 1891 

Adams, Dawson, Brinkburn Terrace, Westoe, South Shields . . (E E) Oct. 1894 

Andrew, David, Jun., 33, Osborne Road, Newcastle-on-Tyne .. (E) Oct. 189 

Ash ton, Arthur W., 33, Leazes Terrace, Newcastle-on-Tyne ... (E) Dec. 1894 



B. 

Baker, Ernest F., Assistant Engineer, H.M.S. " Nile," Mediter- 
ranean Fleet, Malta (E) Nov. 1892 

Barbour, John, 1, Logan Terrace, South Shields (E) Nov. 1890 

Beale, Harry, Otterburn Terrace, Newcastle-on-Tyne (S) Jan. 1891 

Beilby, Norman Harry, 1, Kingsley Place, Heaton, Newcastle-on- 
Tyne (E) Dec. 1893 

Bent, John Bradbury, 6, Worsley Road, Swinton, Manchester ... (E E) May 1894 
Bentham, Frederick Lister, 9, Bellegrove Terrace, Newcastle-on- 
Tyne (E) Dec. 1892 

Binns, Aubrey B., 23, Thomhill Terrace. Sunderland (E) Oct. 1894 



^ 
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Borthwick, Robert J., 8, Kensington Terrace, Newcastle-on-Tyne (E) Dec. 1894 

Boswell, Cecil Robert, Frances Villa, ITighfield Road, Dartford ... (E) Nov. 1893 
Bowden, John, c/o Messrs. Sharp, Stewart, & Co., Springburn, 

Glasgow ... ... ... ... ... ... ... ... (E) Jan. 1894 

Brown, George M., 16, Holly Street, Jarrow-on-Tyne (E) April 1895 

Brown, Thomas Scott, Jan., 18, Nixon Street, Newcastle-on- 
Tyne (E) Oct. 1896 

Bryers, Charles, 10, The Avenue, Sunderland (E) Dec. 1892 

Bulmer, Albert Edward, 1, Graingerville North, Newcastle-on- 
Tyne... ... ... ... ... ... . . ... ... (E) Nov. 1895 

Bulmer, Septimus*, 1, Graingerville North, Newcastle-on-Tyne ... (E) May 1894 
Burbidge, Alfred H., 16, North View, Heaton, Newcastle-on- 

xyne. «. .•• ... ... ... ... ... ... ... v*^/ v^Cv. io«/0 

Bum, Donald B., 7, The Elms West, Sunderland (8) Nov. 1893 



C. 

Cadman, 0. C, 23, Lovaine Crescent, Newcastle-on-Tyne (E) Nov. 1891 

Cairns, Charles W., 84, Addison Road, Heaton, Newcastle-on-Tyne (E) Nov. 1894 
Carpmael, Richard Herbert, 12, Grove Street, Newcastle-on-Tyne (E) Jan. 1893 
Carr, Ralph, Jun., Thomleigh, Clayton Road, Newcastle-on-Tyne (E) Jan. 1894 

Carter, Thomas, Belle Vue Park, Sunderland ... (E) Nov. 1891 

Carter, Thomas, 6, Larkspur Terrace, Newcastle-on-Tyne (E) Oct. 1895 

Chapman, John Frederick, 44, Falconar Street, Newcastle-on-Tyne (E E) Dec. 1896 

Coatsworth, George S., Oaks West, Sunderland (E) Nov. 1891 

Cole, Alfred, 6, Holmside Place, Heaton, Newcastle-on-Tyne ... (E E) Jan. 1896 
Cookson, John Annable, 2, St. Edmund's Road, Gateshead-on-Tyne (E) Dec. 1893 
Crawford, J. F., ** Palmyra," St. George's Road, Waterloo, near 

Liverpool (E) Nov. 1893 

Crawhall, Henry F., 30, West Parade, Newcastle-on-Tyne ... (E E) May 1894 

Crombie, W. Alan D., 18, Archbold Terrace, Newcastie-on-Tyne... (E E) Oct. 1894 



D. 

Davison, William H. G., 49, Sanderson Road, West Jesmond, 

Newcastle-on-Tyne (E) Dec. 1892 

Dixon, William John, 10, Granville Road, Newcastle-on-Tyne ... (E) Mar. 1896 

DobsoD, Henry James, c/o Messrs. William Dobson & Co., Walkcr- 

on-Tyne, R.S.O (S) Oct. 1891 

Dobson, William Gordon, The Cnesters, Jesmond, Ncwcasile-ou- 

Tyne... ... ... ... ... ... ... ... >•• (S} Feb. 1896 

Dodds, John Hanbury, c/o Mrs. Smith, North Terrace, Wallsend- 

on-Tyne ... ... ... ... ... ... ... ... (E) Feb. 1896 

Donovan, John, 5, Ash Place, Sunderland (E) Dec. 1892 

Duckitt, Louis, Leazes Gate Villa, Spital Tongues, Newcastle- 
on-Tyne ... ... ... ... ... ... ... ... (E) Oct. 1895 

Duckitt, Talbot, Leazes Gate Villa, Spital Tongues, Newcastle- 
on-Tyne (E E) Oct. 1891 

E. 
Sdminson, Frank A., 94, Ramsden Street, Barrow-in-Furness ... (S) Nov. 1893 
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F. 



CLCCTKD. 



Featheretonhaugh, Albany, 13, Park Place West, Sunderland ... (E) Oct. 1894 
Ford. Hugh M., Assistant Engineer, R.N., H.M.8. " Trafalfrar," 

Mediterranean Squadron, Malta (E) Nov. 1893 

Foreter, Edgar S., 2, Shaftesbury Terrace, Gateshead-on-Tyne ... (E) Jan. 1894 

Forster, L. P., 23, Lovaine Crescent, Newcastle-on-Tyne (E) Nov. 1893 

Fraser, John H., New Winning Tavern, Wallsend-on-Tync ... (E) Oct. 1896 

G. 

Gibson, Thomas, 162, Roker Avenue, Monkwearmouth, Sunderland (E) Nov. 1893 

Golledgc, W., 39, Eastgate Street, Gloucester (E) Nov. 1891 

il. 

Hancock, Bede, St. Bedc's Vicarage, Sunderland, M. (E) Dec. 1894 

Harvey, Herbert B., 26, Heaton Grove, Heaton, Newcastle-on- 

Xt^IIC*** ••> ••• ••• ••• ••• ••• ••« ••• ImI ticvfl* XOvO 

Hepburn, James M., 17, Grosvenor Place, Jesmond, Newcastle-on- 
Tyne ... ... ... ... ... ... ... ... (E) Nov, 1896 

Hewitt, John, 29, Holly Street, Jarrow-on-Tyne (S) Nov. 1890 

Hick, Charles, 2, Garibaldi Terrace, South Shields (E) Oct. 1894 

Hinchliffe, Robert, 25, Hawthorn Street, Newcastle-on-Tyne ... (S) Nov. 1893 
Hudson, Charles J., 84, Addison Road, Heaton, Newcastle-on- 

Ji yiic . . • ... ... ... ... ... ... ... ,,, IKl ^ OV. XOvv 

Hughes, Thomas C, 3, Summerhill Street, Newcastle-on-Tyne ... (E) Nov. 1893 

J. 

Jepson, Henry, 34, St. Mary's Place, Ncwcastle-on-Tync (E) Nov. 1893 

K. 

Kenne<ly, RoFxTt Sinclair, 8, Granville Street, Gateshcad-on-Tyne (E) April 1893 

Kent, Samuel N., Lindenhurst, Heaton, Newrastle-on-Tyne ... (E) Mar. 1896 

Kitchin, AmoM, Marine Parade, East Hartlepool (E) Dec. 1892 

L. 

Lace, Basil Thccxlort', 92, Cardigan Terrace, Heaton, Newcastle- 
on-Tyne (E) Nov. 1895 

Lainjr, Bryan, Thornhill. Sunderland . (S) Dec. 1896 

Lainjr, Hnj^h, Thomhill, Sunderland (N A) Dec. 1894 

Leighton, Jame.«<, 17, Evcrsley Place, Heaton, Newcastle-on- 
Tyne (E) Jan. 1896 

Lishman, John James, Jun., 16, Lovaine Place, North Shields ... (E) Dec. 1892 

Lumlcy. William, 3S. Sidney Grove, Gateshead-on-Tyne (E) June 1896 

Lynn, John UolxTt Dent, 31, (tencnil Gordon Terrace, Sunderland (E) April 1893 

M. 

Mucdonalil, William (\, l.'S, rni<»ri Street, Hartlepool (E) Mar. 1895 

Mace, Charles, 2.")3, AllKjrt Road, Jarrow-on-Tyne (E) Nov. 1894 

MsLslen, Frank E., 14, Bclsize Park Gardens. Hampstead, Lon<lon, 

N.W. ... ... ... ... ... ... ... ... (E) Nov. 1891 
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KLECTKIX 



Mather, Clifford B. 

McCooll, Cecil, Ovington House, Ovlngham, R.S.O., Northumber- 

IttUCL ■• ••• ••• ••• ••• ••« ««« .•• ••« 

Mcllwraith, Charles H. C, 5, Kayll Road, Sunderland 

McEenna, Francis, 46, Hodgson Street, Willington Quay-on-Tyne 

McRae, Thomas, Alexandra Terrace, Govan, Glasgow 

McRobie, Frank, 25, Victoria Street, Newcastle-on-Tyne 

Mellanby, Alexander L., Femleigh, Grange Road, West Ilartlepool 
Moroney, Edward F., 180, Gloucester Road, Newcastle-on-Tyne... 
Mould, Francis, 36, Salter's Road, Gosforth, Newcastle-on-Tyne... 

N. 

Nichol, Bryce Gray, 37, Grove Street, Newcastle-on-Tyne 

Nicholson, James Henry, 30, Azalea Terrace South, Sunderland ... 



0. 
Olsen, Hans B., Jun., Wellington Road, West Hartlepool... 



P. 

Palmer, Henry G., 12, Havelock Street, Newcastle-on-Tyne 
Pashby, Arthur, 10, Campbell Street, Newcastle-on-Tyne ... 

Patterson, Robt. 0., Thomeyholme, Blaydon-on-Tyne 

Pearson, James, 10, Beech Grove Road, Newcastle-on-Tyne 
Phillips, John Frederick, c/o Mrs. Coulson, King Street, East 
£iajri>i6poox ••. ... ... ••. ... ... ... ... 

Posgate, James Stephen, 18, North View, Heaton, Newcastle-on- 

XVllw*** >•• ••* «•■ ••• ••• ••• ••• ■■• 

Purvis, Herbert T., 6, Graingerville, Newcastle-on-Tyne 



(S) Oct. 


1892 


(E) Oct. 


1895 


(E) Nov. 


1895 


(E) Dec. 


1890 


(8) Oct. 


1896 


(E) Mar. 


1889 


(E) Dec. 


1894 


(E) Feb. 


1892 


(E) Feb. 


1892 


(E) Oct. 


1891 


(E) Mar. 


1892 


(E) Feb. 


1896 


(E E) Dec. 


1894 


(E) Nov. 


1895 


(E) Jan. 


1895 


(S) Nov. 


1893 


(E) Oct. 


1892 


(E) Nov. 


1895 


(E) Oct. 


1894 



R. 

Raincock, Walter, c/o Mrs. Ewart, 8, Washington Terrace, North 

Shields ... ... ... ... ••• •<• ... ... (N A) Dec. 1893 

Rappoport, Fred. G., 58, Holly Avenue, Jesmond, Newcastle-on-Tyne (E) Mar. 1894 

Reid, John Robert, 88, Leslie Terrace, Aberdeen (E) Nov. 1892 

Rickaby, Augustine, Bloomfield Engine Works, Monkwearmouth, 

Sunderland (E) Nov. 1886 

Robinson, Charles O., Ingleside, North Shields (E) Dec. 1893 

Robson. Nathaniel E., 11, Point Pleasant Terrace, Wallscnd-on- 

Tyne... ... ... ... ... ... ••• ... ... (E) Dec, 1894 

Robson, Robert, 166, Rye Hill, Newcastle-on-Tyne (E E) Dec. 1894 

Ross, William Daniel, 22, Archbold Terrace, Jesmond, Newcastle- 
on-Tyne ... (E) Feb. 189fi 



S. 

Scott, Alex. C, Malvern House, Edward's Road, Whitley, New- 
castle-on-Tyne ... (E) Jan. 1895 

Scott, Joseph, 49, Leazes Terrace, Newcastle-on-Tyne (E) Dec. 1891 

Scott, W. A., 100, George Road, Newcastle-on-Tyne (E E) Oct. 1894 
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BLEOTIO. 

Shand, William Lamont, 39, Holly Ayenue, Kcwcastle^n-Tyne ... (E) Not. 1895 
Short, Thomas Smart, c/o Messrs. Short Brothers, Pallion. 

Sunderland (S) Oct. 1892 

Smith, William S., West Villa, The Green, Wallsend-on-Tyne ... (S) Dec. 1898 
Spencer, Harry John, 3, Victoria Street, Newcastle-on-Tyne ... (E) Dec 1892 
Squire, Charles E., Amside House, Grosvenor Road, Newcastle-on- 
Tyne... ... ... ... ... ... ... ... ... (E E) Not. 1893 

Stephens, Henry C. J., 94, Fortress Road, London, N.W (E) Oct. 1890 

Stephenson, Robert, c/o Messrs. Robt. Stephenson k Co., Limited, 

South Street, Newcastle-on-Tyne (E) Mar. 1894 

Stuart, John, 67, Heaton Park Road, Newcastle-on-Tyne (E) Dec. 1895 

Summerson, Benjamin, Dene Crescent, Walker-on-Tyue, R.S.O. ... (E) Dec. 1892 

T. 

Thomas, Robert Gates, 169, Coatsworth Road, Gateshead-on-Tyne (E) Not. 1894 

Thomas, William, .3, Chester Crescent, Kewcastle-on-Tyne ... (E) Oct. 1895 

Townend, Sidney, 3, St. Eleanor Street, Cullcrcoats (E) Nov. 1895 

Turner, Charles N., 2, Newburn Lane, Newburn-on-Tyne (E) April 1896 

Tweddell, G. H., 18, Archbold Terrace, Newcastlc-on-Tyne .. (E E) May 1894 

V. 

Vardy, (George, Neptune Engine Works, Walker-on-Tyne (E) Oct. 1894 

Varty, B. S., 16, Hawthorn Street, Newcastle-on-Tyne (S) Oct. 1895 

W. 

Walker, Gavin Knox, 87, Jesmond Road, Newcastle-on-Tyne ... (E) Mar. 1894 

Warburton, John A., 9, Foyle Street, Sunderland (E) Mar. 1894 

Ward, Joseph P., c/o Messrs. John Spencer & Co., Newburn Steel 

Works, Newburn-on-Tyne (E) Oct. 1896 

Wawn, T. Noel, 6, IJelle Vue, Sunderland (E) Nov. 1893 

Wildridge, Richard, 7, Alexandra Crescent, Newcastle-on-Tyne ... (E) Oct. 1895 

Wilkin, Ernest Vivian, 11, Appold Street, Finsbury, London, E.C. (E) Nov. 1892 

Willcox, Rejnnald J. N., The Oaks West, Sunderland (E) Mar. 1892 

Wilson, John R. 8., Roseworth Tower, Gosforth, Newcastle-oii-Tyne (E) Mar. 1894 

Wilson, Percy P., Bank House, Fawcett Street, Sunderland ... (S) Jan. 1896 
Wright, George Hudson, 35, W;i8hingtt)ii Terrace, North Shields... (E E) Feb. 1896 

Wotxl, John Scott, C}^ Eslington Terrace, Ncwcv^tle-oii-Tync ... (8) Oct. 1891 

Wyand, Fred. W., 13, Eldon Street, Newciutlc-on-Tyuc (E E) Oct. 1894 
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THE NORTH-EAST COAST INSTITUTION 

OP 

ENGINEERS AND SHIPBUILDERS. 



Constitution mi Victmoe, 

Adopted at a General Meeting on the 4th Mabch, 1885. 

Revised at the Closing Business Meeting held on Mat 4th, 1887. 

Be-Beyissd at the Closing Business Meetings held on Mat 
9th, 1888, Mat 13th, 1889, Mat 11th, 1891, and Mat 14th, 
1896. 



CONSTITUTION. 

I. — ^The Namb of the Association is "The North-East Coast Name 
Institntion of Engineers and Shipbuilders." 

II. — The Objects for which the Institntion is established objects, 
are : — The advancement of the science and practice of Engineer- 
ing and Shipbuilding, and the interchange of ideas and informa- 
tion amongst its members, by means of meetings for the reading 
and discussion of papers relating thereto^ and placing on record 
its transactions. 

III. — ^The Institution shall consist of Honorary Members, 
Members, Associates, and Graduates. 

IV. — HoNORABY Membbbs shall be such distingnished S^JJgJJJ 
persons as the Council may elect. 

y. — Membbbs shall be Principals or Principal Managers Memben. 
engaged in Engineering or Shipbuilding ; Civil, Military, or 
Mining Engineers, or Naval Architects ; whose subscription 
shall be Two Guineas per annum : and other persons engaged in 
the above professions ; whose subscription shall be One Guinea 
per annum. 

VI. — Associates shall be such persons as are not strictly Associates. 
Engineers or Shipbuilders, but are connected with or interested 
in such pursuits, and are deemed by the Council to be eligible 
for Associate membership. Their subscription shall be One 
Guinea per annum. 

▼OL. XII.-1896. ^ 
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VII. — Graduates may be pereonB under twenty-fonr years 
of age, engaged in study or employment to qualify themsdves 
for any of the above professions. Their subeoription shaU be 
Half-a-Ouinea per annum. 

VIII. — Any Member may become a Life Member by a 
single payment of Twenty Guineas, or any Assooiate may 
become a Life Associate by a single payment of Ten 
Guineas. All such compositions shall be deemed to be capital 
moneys of the Institution. 

IX.— The Council of the Institution shall be elected from 
and by the Members, and shall consist of one President, the 
Past-Presidents, nine Vice-Presidents, fifteen Ordinary Members 
of Council, and an Honorary Treasurer. 

X. — ^The President and Honorary Treasurer shall be elected 
annually. Three Vice-Presidents and five Ordinary Members of 
Council shall be elected annually. The retiring Vice-Presidents 
and Ordinary Members of Council shall be those who have 
served three years from their last election. 

The President shall be eligible for re-election for a second 
year ; should he be re-elected he shall retire at the conclusion of 
his second year of ofSce, and shall not again be eligible ontil 
after an interval of one year. 

The retiring Vice-Presidents shall be eligible for re-election. 
The retiring Ordinary Members of Council shall not be eligible 
for re-election to the same office until after an interval of one 
year, but shall be eligible for election to any other oflSoe. 

The Honorary Treasurer shall be eligible for re-election 
annually, or for election to any other ofiice. 

XL — Honorary Members may attend all the General Meet- 
ings, they may read papers, take part in discussions, in voting, 
in moving and supporting resolutions, in presentation of noiiceB 
of motion, or in requisitions for Special Meetings, and in the 
proposition of new members ; they shall also receive copicB of 
the Transactions. 

XII. — Members shall have all the privileges of the Institu- 
tion as enumerated in the foregoing paragraph, and shall be 
eligible for office. 

XIII. — Assrx;iat(;H shall have all the pri\ileges ennmeimied in 
para<?raph XI. Tljr-y Hhall \)ti f.liVible for oflScc as Ordinarv 
Members of Council. 
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XIV. — Graduates may attend all the General Meetings, they £(5»»'<*' 
may read papers, take part in discassions, and support resolu- 
tions; they shall also receive copies of the Transactions, but 
shall not sign proposals for new members^ vote, nor be eligible 
for ofSce. 

XV. — The General Meetings of the Institution shall be held gggjj^ 
during the months of October to May, inclusive, of each year. 

NOTB. — ^When the word Member is initialled with a capital letter it 
signifies a member under paragraphs IV. and V., but when initialled with a 
smaU letter, it signifies a meml^ of any class of the Institution membership. 



BYE-LAWS. 



MEMBERSHIP. 

1. — Every candidate for admission as a Member, Associate, SSSSSSSS!'"' 
or Graduate shall be proposed and recommended according to 
the Form A in the Appendix, in which form the name, usual 
residence or the place of business, the qualification for, and pro- 
posed class of membership of the candidate shall be distinctly 
•specified. Proposals for Graduates must give the date of, and 
age, last birthday. 

The form shall be signed by a Member or Associate of the 
Institution, as proposer, and by at least other three Members or 
Associates as supporters, certifying a personal knowledge of the 
candidate. 

The proposal so made shall be submitted to the Council, 
when, if it be approved, the Chairman shall sign the approba- 
tion, which shall be inserted in the notice calUng the next 
General Meeting, when the candidate shall be balloted for, and 
shall be accepted if three-fourths of the votes are favourable. 

2. — Graduates desirous of becoming Members shall be pro- SSSg wfe^i 
posed and recommended according to the Form B in the 
Appendix. 

The proposal so made shall be submitted to the Council, who 
shall agree to or reject it. 

8. — The balloting for membership shall be conducted in the S^SSS'**' 
following manner : — Each member shall be supplied by post with 
a list of the names of the candidates, according to the Form C 
in the Appendix, and shall strike out the names of such can- 
didates as he desires shall not be elected. These lists may be 
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returned to the Secretary by post, or may be deposited in the 
ballot-box by the voter in person on entering a meeting at which 
an election is to take place. The ballot-box will be closed at 
ten minates after the advertised time of meeting. The lists 
shall then be handed over to the Chairman, who shall appoint 
two Scmtineers to examine them, after which examination the 
Chairman shall inform the meeting of the result. 

4. — Notice of Election as a member shall be sent to the can- 
didate within one week after his election, according to the Form 
D in the Appendix ; but his name shall not be added to the list 
of Members, Associates, or Graduates of the Institution, until 
he shall have paid his first annual subscription. 

5. — In case of rejection of the candidate, no mention thereof 
shall be made in the minutes, nor shall any notice be given to 
the unsuccessfid candidate. 

6. — All subscriptions shall be payable in advance, and shall 
become due on the 1st of August each year. Any Member, 
Associate, or Graduate, wishing to retire fix)m the Institution 
shall continue to be liable for his annual subscription until he 
shall have given formal notice of his retirement to the Secretary, • 
which notice must be given on or before the 31st of August in 
each year. Application for membership may be made at any 
time during a Session, and the subscription shall cover the 
membership up to the 1st of August following. 

7. — On payment of each subscription the Secretary shall 
forward to the member an official receipt. 

8. — On question of privilege. — Any person who may be un- 
known in the meeting shall only be able to claim the privilege 
in question on proving his membership for the current Session. 

9. — Any member whose subscription is one year in arrear 
shall be reported to the Council, who shall direct application to 
be made for it, according to Form E in the Appendix ; and in 
the event of its continuing in arrear until the end of that 
Session after such application, the Council shall have the power, 
after remonstrance by letter, according to the Form F in the 
Appendix, of declaring that the defaulter has ceased to be a 
member. 

10. — The Council may refuse to continue to receive the sub- 
scriptions of any member who shall have wittingly acted in 
contravention of the Regulations of the Institution, or who shall. 
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in the opinion of the Oonncil, have been gailty of Buch condnct 
as shall have rendered him nnfit to continue his membership; 
and the Council may remove his name from the list of members : 
and such person shall thereupon cease to be a member of the 
Institution. Notice of such action of the Council shall be for- 
warded to the person in question^ in accordance with the Form 
G in the Appendix. The reason for such action of the Council 
shall not be stated to the person expelled, without the sanction 
of the Council. 

OFFICERS. 
11. — The Annual Election of OfScers shall be conducted in Election of 

OfBoen. 

the following manner : — The Council shall meet in March or 
April, and shall arrange a list of nominations, in accordance 
with the Form H in the Appendix. It shall nominate new 
names in the place of the retiring Members, and the number 
of nominations shall be one in excess of the number required in 
each section of the Council. Such list shall be presented at the 
General Meeting immediately preceding the last General Meeting 
of the Session, and any Member present shall be at liberty to 
nominate additional Members. The list shall show who remain 
in office throughout the Council, and who are retiring. A copy 
of this ballot list shall be forwarded to each Member and Asso- 
ciate, together with a complete list of Members of Council, to 
be filled in and returned to the Secretary in accordance with 
the instructions printed in the ballot form, to be opened in 
the presence of the Council, at a Council Meeting which shall 
be held in April or May, when the scrutiny and counting shall 
be carried out by the Council. Any Member in voting shall be 
at liberty to erase any name or names from the list and sub- 
stitute the names of any other person or persons eligible for each 
respective office other than those ahready placed on the ballot 
list by the Council and Members of the Institution. 

Any voting paper returning either more or less than one 
President, nine Vice-Presidents, one Honorary Treasurer, and 
fifteen Ordinary Membera of Council, shall be disqualified for the 
section or sections in which such errors occur, and the votes 
shall be lost for the said section or sections. The votes given 
as President, to a Member who is not elected President, shall 
count to him as a Vice-President; the votes given as Vice- 
President, or Treasurer, to persons not so elected, shall count to 
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Uiem as Ordinary Members of Oonncil, unless they have jnst 
completed a term of office in such capacity. 

The voting list shall not be sent to any Member and 
Associate whose subscriptions are more than one year in arrear ; 
nor shall any Member be nominated on the list. For this 
purpose, the Secretary shall prepare, previously to the meeting 
of Council, a list of those Members whose subscriptions are more 
than one year in arrears. 

12. — The result of the ballot for Officers shall be declared 
at the Closing Business Meeting, lo be held in May, at 
which meeting general business shall be transacted. At this 
meeting the newly-elected Officers, after being declared, shall 
enter into office ; and this shall be the last meeting of the Session. 

18. — The Council shall have power to supply any casual 
vacancy within itself (including any casual vacancy in the office 
of President), which shall occur between one May Meeting and 
another; and the Officers so appointed shall retire when the 
person whose place they fill would have retired. Vacancies not 
filled up during the year shall be filled at the Oeneral Election. 
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GENERAL MEETINGS. 

14. — The Annual General Meeting shall take place in October, 
and the Closing Business Meeting in May ; each of these meet- 
ings shall be held in Newcastle-upon-Tyne. The Ordinary 
Meetings shall take place in the second week in each following 
month during the Session, unless otherwise arranged by the Coun- 
cil, and at such hours and places as the Council may determine. 

15. — Seven clear days' notice of every General Meeting, Ordin- 
ary or Special, specifying the nature of business to be trans- 
acted, shall be given to every member of the Institution. 

16. — A Special General Meeting may be convened at any 
time by the Council, and such meeting shall be convened by the 
Council whenever such is the declared wish of a General Meeting, 
or whenever a written requisition, signed by twenty members, 
specifying the object of the meeting, is left with the Secretary. 
If, for fourteen days after the delivery of such requisition, a 
meeting be not convened in accordance therewith, the requisi- 
tionists, or any twenty members of the Institution, may convene 
a Special Meeting in accordance with the requisition. The 
business discussed at such Special Meetings shall only be that 
indicated on the notice calling the meeting. 
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17. — ^Twenty Members shall constitute a quorum for the pur- 
pose of a meeting other than a Special Meeting. Thirty Members 
shall constitute a quorum for the purpose of a Special Meeting. 

18. — The President shall be chairman at every meeting, and 
in his absence, one of the Past-Presidents or one of the Vice- 
Presidents ; or in the absence of these, an Ordinary Member of 
Council shall take the chair ; or if no Member of Council be 
present and willing to take the chair, the meeting shall elect a 
Chairman. 

19. — The decirion of a General Meeting shall be ascertained 
by a show of hands ; or, when iSve Members or Associates shall 
demand, or the Chairman may think it desirable, the decision 
shaU be taken by ballot. The manner of counting the votes 
shall be at the discretion of the Chairman, and an entry in the 
minutes, signed by the Chairman, shall be deemed sufficient 
evidence of the decision of a General Meeting. In cases of 
equality of votes, the Chairman shall have a casting vote ; other- 
wise he shall not vote. 

20. — Questions of a personal nature arising in a General 
Meeting, shall, if possible, be referred to the Council, otherwise 
the decision of the meeting shall be taken by ballot on a motion 
or amendment put to the meeting. The ballot shall be taken by 
the voters (being Members or Associates) writing '*for" and 
'* against " on a slip of paper. The slips shall be folded and 
collected, and then counted in the presence of the meeting, and 
the result announced by the Chairman. Should fewer than 
twenty votes be given, it shall be understood that the question 
is shelved, and the votes shall be destroyed without being opened. 

21. — At every General Meeting of the Institution, the Secre- 
tary shall first read the minutes of the preceding meeting, which, 
on approval, shall be signed by the Chairman ; business arising 
out of these minutes shall then be transacted. The Secretary 
shall read any notices which may have to be brought before the 
meeting. Notices of motion may then be given, and other 
business of the Institution may be attended to; but when a 
paper is to be read, the foregoing business shall not be extended 
beyond half-an-hour after the advertised time for commencing 
the meeting. The paper or papers for the evening shall then 
be read and discussed. 

22. — If within half-an-hour after the time fixed for holding 
a General Meeting a quorum is not present, the meeting shall be 
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dissolved, and all matters which might, if a qnornm had been 
present, have been done at the meeting so dissolved, may forth- 
with be done on behalf of the meeting, by the Oooncil ; except 
the reading or discussion of a paper, which shall not proceed in 
the absence of a quorum. 

28. — Any Genera) Meeting of the Institution may be ad- 
journed by a vote of the Members and Associates present if 
there be a quorum ; if there be not a quorum, the case shall be 
met by the preceding paragraph. 

24. — ^Each member shall have the privilege of introducing 
one friend to the General Meetings, whose name must be written 
in the Visitors' Book, together with that of the member intro- 
ducing him ; but if the introducing member be unable to attend 
the meeting, he may send the name of the visitor to the Secre- 
tary. During such portions of any of these meetings as may be 
devoted to any business connected with the management of the 
Institution^ visitors may be requested by the Chairman to with- 
draw. This shall be done if five Members or Associates, or both, 
present request it. 

COUNCIL MEETINGS. 

25. — The Council shall meet before each Genei*al Meeting, or 
on other occasions when the President shall deem it necessary ; 
being summoned in either case by circular, stating the time of 
meeting, and the business, so far as is known. 

No business involving expenditure of the funds of the Insti- 
tution (except by way of payment of current accounts) shall be 
transacted at any Council Meeting, unless the circular gives six 
clear days' notice, and states the business. 

All discussions of a personal character in the Council shall 
be considered and treated as being strictly confidential. 

26. — The Council may reflate its own procedui-e, and dele- 
gate any of its powers and discretions to any one or more of its 
number. 

The President shall, ex-officiOy be chairman of all Council 
Meetings, and in his absence one of the Past-Presidents or one 
of the Vice-Presidents shall take the chair ; or in the absence of 
these, one of the Ordinary Members of Council shall be elected 
to take the chair. Five members of Council, including the 
Chairman, shall form a quorum. 

In the appointment of Sub-Committees, the Council shall 
determine the number which shall form a quorum in each case. 
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and shall appoint a Ghainnan. These regulations shall not 
affect the Finance Committee. 

27. — ^The Council may appoint Committees either from itself, 8ub-committ6«. 
or with the assistance of persons outside^ for the purpose of 
transacting any special business, or of investigating specific 
objects connected with the work and interests of the Institution. 

28.— All Committees or Sub-Committees shall be appointed suk^mmitteeB. 
by the Council, and shall be subject to that body, and shall 
report to it. The Council shall act upon these reports or recom- 
mendations as it may think best. The President shall, ex-officio, 
be a member of all Committees. 

29. — Any member may by communication addressed to the to c!^S!^r^^ 
Secretary petition the Council to lay before a Oeneral Meeting 
of the Institution the contents of any letter which shall in 
a short, concise, and clear manner draw the attention of the 
Institution to public matters of importance in connection with 
l^islation proposed by any governing body in reference to the 
construction of ships, machinery, or the working of the same, 
80 that members may by their scientific and practical knowledge 
demonstrate the soundness or otherwise of the proposed measure. 

30. — The Council may invite to General Meetings or to inTitationto 

'' ° strangers. 

Council Meetings any person or persons whose presence and 
assistance it may desire, and strangers so invited shall be per- 
mitted if) take part in the proceedings, but not to vote. 

81. — ^The Secretary, who shall also act as Treasurer, shall be secreury and 

•" ' Treasurer s 

appointed by and act under the direction and control of the 
Council, and shall be paid such salary as the Council shall 
determine. He shall attend all meetings. Council and General, 
and shall take minutes of the proceedings, and enter them in 
proper books provided for the purpose. He shall write the 
correspondence of the Institution and Council, read minutes and 
notices at meetings, report discussions, and, if required by the 
Council, prepare papers for reading and publication, and read 
papers and conununications at the meetings. He shall receive 
all payments due to the Institution, and shall bank the cash in 
hand whenever it iamounts to ten pounds. The bank shall be 
determined by the Council and the banking account shall be in 
the names indicated in connection with the Finance Committee. 
He shall keep a cash account book, general and detail, which 
shall on all occasions be open to inspection by the Finance 
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Oommittee or by the Gonnoil. He shall keep a register of the 
names of members, so arranged as to distingoish all members 
whose snbscriptions are in arrear. He shall also perform what- 
ever other daties are indicated in the Bye-Laws of the Institu- 
tion as appertaining to his department; and shall remain in 
oflSce during the pleasure of the Council. He shall not vote on 
any resolution. 

82. — ^The following Sub-Oommittees shall be appointed 
annually at the first meeting of the Council in each Session :— 
(1) A Finance Committee, to consist of seven persons, viz. : one 
Past-President or Vice-President, who shall be Chairman ; five 
Members of Council, and the Honorary Treasurer of the Institu- 
tion ; three of whom shall form a quorum. The Treasurer shall 
be empowered to pay all amounts due from the Institution which 
are under two pounds. All amounts of two pounds and upwards 
shall be paid by cheque, signed by the Chairman of the Finance 
Committee (or in his absence^ by the President or a Fast- 
President), the Secretary and the Honorary Treasurer. (2) A 
Beading Committee, to consist of six members of Council. No 
member who has served on this Committee for three yean in 
succession shall be eligible for re-election until after an interval 
of one year. (8) A Library Conmiittee, in accordance with 
Library Eules, Nos. 1 and 8. (4) A Graduates' Award Com- 
mittee to consist of five members. 
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TEANSACTIONS. 

S3. — All papers shall be forwarded to the Secretary at least 
five clear weeks before the proposed date of reading. The 
Secretary shall submit them for approval to the Council, and on 
their general approval they shall be handed to the Reading Sub- 
Committee, three of whom at least, shall read the paper through. 
The Reading Sub-Committee shall be at liberty to strike out any 
parts which, in their opinion, ought not to be read. They may 
also make any suggestions to the author as to points which 
might with advantage be inserted or altered. 

84. — The papers read, and the discussions on them, or such 
portions of them as the Council shall select, shall be printed for 
distribution among the members, each of whom shall receive a 
copy. These Transactions Rhall be edited by the Secretary, in 
accordance with instructions of the Council, who shall have 




IT 
piper. BKlieHHBBBICflXHBniK KTOTVIWI)^ 

r t hninHtcr aid dnil hear tfe dse a& raiai xisr mkL iKTe 
been leceiivd Yfw Aft SuxfivT. 

38. — Hie Twimrioa ifaLB mc » hfi& rupaniBfide &r like 
'f^^tf****** mad iffoaamt idr ia o p d is nj of istfr pi^eEi nacsi 
may be leid, or m ife dteawn iddti. 'wj u^ks pttee s liie 
Meetinf^ of tiie iMdmacflL 

39. — ^TSveuT eofKi of «adi laper sod dasoHkni daH be 
preeoited to the aotlMr of she piper, 5or prrrse ase. nad csie 
oopj shall be weak to eatch member. Wben a pipsr b pr^jared 
bj two anthflfi, fifieoi oopiei d:all be proKoted y> each. Ih^hi- 
cate copies of parts of the TTanBSfriang midaid cr kst bj 
members caimoi be soppfed to them, ezoqx tf pforided for in 
Bje-Law42. 

40.— Hie TrHBacckaa shall not be supplied free to members 
whoee sabacriptioDS are more than (me year in anear. 

41. — knj member elected at anj dme between the Annual 
General Meetings shall be entitled to copies of all the Transactions 
iasned during the Session to whidi his first snbacripdon appties ; 
bat not nntfl the snbscription has been paid. 




« 




Mtto 
taUi 



Ix 



the 



oftibe 



K«l«or 



TnwtMrfl. 



loTMlment 
of Fuuda. 



42. — ^The Transactions of the Institation shall be the ezdn- 
sive property of the Institation, and shall be published only by 
the anthority of the Conncil. Additional copies of papers 
required by authors for their private use can only be procured 
from the Secretary^ at prices fixed by the Council from time to 
time, and these copies must contain the whole of the discussion 
following the papers, and be bound in the usual cover^ with the 
addition of the following words. — ^'By permission of the 
Gouncil," and " Excerpt Minutes of Proceedings." Duplicate 
volumes and copies of parts of the Transactions, if in print, can 
also be obtained from the Secretary, and shall be sold only by 
him, in such manner and at such prices as the Council shaU 
have fixed. 

48. — During a discussion upon any paper, no person shall 
be at liberty to speak more than once (except by way of explana- 
tion), nor for a longer period than ten minutes. 

ACCOUNTS, &o. 

44. — The Council shall present the yearly accounts (up to 
the 81st of July preceding) at the Annual General Meeting in 
October of each year, after they have been audited by a pro- 
fcsHional Accountant, appointed by the members at the Closing 
BuHiness Meeting in May. 

45. — The capital, stock, and funds of the Institution shall 
be vested in the names of three Trustees, to be elected from time 
to time as vacancies occur by the members of the Institution at 
a General Meeting called for that purpose. All mortgages and 
other securities shall be taken in the names of such Trustees ; 
and on any new appointment the funds shall vest in the newly- 
appointed Trustee or Trustees jointly with the continuing or 
remaining Trustee or Trustees. 

46. — The Finance Committee may, with the consent of the 
Council, invest in the names of the appointed Trustees of the 
Institution any moneys not immediately required for the pur- 
poses of the Institution, in or upon any approved securities. 



ALTERATIONS TO CONSTITUTION AND BYE-LAWS. 

47. — Alteration in or addition to the Constitution and Bye- 
liaws may be made only by resolution of the members at the 
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Glofiiiig Business Meeting in May, after notice of the proposed 
alteration or addition has been announced at the previous 
General Meeting. 

The resolution may be modified by the Council meanwhile, 
should they so desire ; but in this case it shall be read at the 
Closing Business Meeting in May in its original form before it is 
proposed in the amended form. 

Such resolutions shall be stated in the notice calling the 
intervening Council Meeting, and also in the notice calling the 
Closing Business Meeting in May. 

Any member unable to be present at the meeting at which vote by proxy. 
such alterations are to be considered, but who is nevertheless 
desirous of recording his opinion thereon, shall be allowed to 
vote by proxy, such proxies shall be in Form J in the Appendix, 
which may be had on application to the Secretary, and may be 
used by any member present at the meeting on behalf of the 
absent member, and counted by the Chairman as of equal value 
with votes given in the manner provided in Bye-Law 19. 



THE LIBRARY AND READING ROOM RULES. 

1. — The Library and Reading Room shall be managed by a committee. 
Committee, called the Library Committee, who shall have charge 
of all books, papers, specimens, etc., which may belong to the 
Institution. It shall consist of five members of the Institution, 
of whom at least two shall be members of Council. 

2. — ^The books and other property of the Library shall be Property, 
vested in the Trustees appointed by the Institution. 

8. — The Library Committee shall be appointed annually, at Ai^tmentor 
the first meeting of the Council in each Session. No member 
who has served on the Committee for three years in succession 
shall be eligible for re-election until after an interval of one year. 
The Chairman shall be elected by the Council. 

4. — ^The Secretary of the Institution shall be Librarian, and Librarian, 
shall also act as Secretary to the Library Committee. Three 
members of the Committee shall form a quorum. 

5. — ^The Library Conmiittee shall be responsible for the i>utie8of 

,.,.,, Committee. 

bmding and purchasing of books, periodicals, papers, etc., and 
for the expending of all money voted by the Council for its 
use. It shall appoint an attendant who shall act as Assistant 
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Lil»rarian. It ahall make Bales for the olaiiagement of the 
Library, subject to the approval of the Oonncil, and present an 
annual report to the first meeting of the Council held after the 
annual scrutiny of the books referred to in Bnle No. 18. 

6. — Except when closed by special order of the Library Oom- 
mittee^ or when the Council is sitting, the Library and Beading 
Boom shall be open for consulting, borrowing, or returning 
books, every week day as follows: — On Monday, Tuesday, 
Wednesday, and Friday, from 10 aan. to 12 noon, and from 
1 to 9^.m.; on Thursday, from 10 a.m. to 12 noon, and from 
1 to 5 p.m. ; on Saturday, from 10 a.m. to 1 p.m., and from 2*80 
to 9 p.m. The Booms will be closed on Christmas Day and 
the day following, New Year's Day and the day following. Good 
Friday, Monday and Tuesday in Easter week and Whit week, 
and the first Monday in August (being Bank Holiday) ; also at 
noon on Tuesday, Wednesday, Thursday and Friday in the Baoe 
week of June, and from the second to the fourth Saturday in 
July of each year, as mentioned in Bule No. 18. 

7. — Books shall not be lent to any persons except Members, 
Associates, or Graduates of the Institution, but a person entitled 
to borrow a book may send a messenger with a signed order 
for it. 

8. — Each member shall be entitled to introduce a friend to 
the Beading Boom, whose name shall be written in the Visitors' 
Book, together with that of the member introducing him. 

9. — ^The books marked with an asterisk in the Catalogue 
shall be kept only for consultation in the Library, and shall not 
be lent. Pending the preparation of a Catalogue, the Librarian 
shall be instructed by the Committee as to which books shall be 
withheld from circulation. 

No periodicals, magazines, or pamphlets shall be issued for 
circulation until after they have been bound and added to the 
Lending Library. 

10. — The Librarian shall keep a register in which he him- 
self or tho attendant shall enter the titles of the books lent, the 
date of lending, the name of the borrower, and the date of the 
return of the book to the Library. The borrower of the book 
or the bearer of his order shall initial the entry of such borrow- 
ing, and the Librarian or the attendant shall initial the date of 
tho return of the book. 
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11. — No person shall borrow or have in his possession at one 2S*SSSS? *** 
time more than two volumes belonging to the Library. 

12. — No member shall retain a book longer than fourteen Betarn of Books, 
days, excluding the day of issue. He shall be responsible for 
the safe return of the book, and if it be damaged or lost he shall 
make good the cost of such damage or loss. 

18. — ^All books belonging to the Library shall be called in 5^£"'****''° 
for inspection, and the lending out of books shall be suspended 
from the second to the fourth Saturday of July, inclusive, of each 
year, and members shall be required by notice to return all 
books in their hands before the period mentioned. 

Members fisdling to comply with this injunction shall pay a Fine. 
fine of two shillings and sixpence. 

14. — Members are requested, when in the Beading Boom 
or Library, to contribute to the general comfort by carefully 
abstaining fix)m loud talking and noise of any kind. Smoking 
is not permitted in the Library. 

16. — Any member being twelve months in arrears with his 
subscriptions to the Institution shall not be at liberty to use the 
Library or Beading Boom after the commencement of the first 
Session following. 



Members in 
Arrears. 



N.B. — The foregoing Rales may be amended at any time by the 
Library Committee with the sanction of the Council. 
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APPENDIX TO BYE-LAWS. 



* A Member. 
AjMcfaUe, or 
Oraduftte. 

tAPrtncip»l, 
ManftCer, or 
Draa^tanutQ, 
ete. Bee Articles 
v., VL, and VII. 
of OonsUlatlon. 



FORM A. (BYE-LAW 1.) 

Name (in full) 

Profession or Occupation and where Employed 
Address 

being desirous of admission into the North-East Ooast Institu- 
tion of Engineers and Shipbuilders, we, the undersigned, propose 
and recommend that he shall become* 
thereof. We know him to bef 
and eligible for the proposed membership. 



FKOM PKB80NAL KNOWLXDGK. SKCTIOM OF MKMBBBBHIP. 



Proposed by. 

Supported by 

Three Members 

or Associates. 



Dated this day of 

( When a Graduate U proposed the age last birthday should he stated,) 



FORM B. (BYE-LAW 2.) 

A. B. [Christian Name, Surname, Occupation, and Address 
in full] being at present a of the North-East Coast 

Institution of Engineers and Shipbuilders, and upwards of 
twenty-four years of age, and being desirous of becoming a 

of the said Institute, we, the undersigned 
[Members or Associates], recommend him, from personal know- 
leihje^ as a jxirson eligible for the proposed Change of member- 
ship, because — 

(Here specify distinctly thr Qvalifications of the Candidate according 
to the spirit of the Bulvs of the Institution.) 

Signed 



j Three 
uMembcra or 
I Aspociatce.] 



Dated this 



day of 



18 
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FORM 0. (BYE-LAW 3.) 

BALLOTING PAPER FOR MEMBERSHIP. 

The Council having considered the recommendations for 
Membership of the following gentlemen, present them to be 
balloted for, viz.: — 



MSXBKK, 

ASSOOIATB, OR 

GlULDUATK. 


OocupATioy. 


Address. 


Nominated bt. 


Supported 
BY Three 

MEMBER8 OR 
AtWOCIATES. 













Strike out the names of such persons as you desire shall not 
be elected, and forward the list by post to the Secretary, or 
personally place it in the ballot-box at the Meeting. 



FORM D. (BYE-LAW 4.) 

SiB, — I am directed to inform you that on the day 

of you were elected a of the North-East 

Coast Institution of Engineers and Shipbuilders, but, in con- 
formity with Bye-Law 4, your election cannot be confirmed, nor 
your name be added to the roll of membership, until you have 
paid your first annual subscription, the amount of which is 
£ : : , or, at your option, the Life Composition of 
£. : : . 

Payment may be made to the Treasurer, Mr 



Address. 



Dated 



I am, Sir, 

Yours faithfully, 

18 



Secretary. 



N.B. — In case of a Graduate, strike out "or, at your option, the 
Life CfimposUion of & " 
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FORM E. (BTE-LAW 9.) 

Sib, — I am directed by the Conncil of the North-Eagt Coast 
Institntion of Engineers and Shipbuilders to draw yonr attention 
to I^ye-Law 6, and to remind you that the sum of £ 
of yonr annual subscriptions remains unpaid, and that you are in 
consequence in arrear of subscription. 

I am also directed to request that you will cause the same to 
be paid without further delay, otherwise the Council will be 
under the necessity of exercising their discretion as to using the 
power vested in them by the Rule above referred to. 

I am, Sir, 

Yours faithfully. 

Secretary. 



FORM F. (BYE-LAW 9.) 

SiK, — I am directed by the Council of the North-East Coast 
Institution of Engineers and Shipbuilders to inform you that in 
conseciuence of non-payment of your arrears of subscription, and 
in pursuance of Bye-Law 9, the Council have determined that 
uiilesH payment of the amount (£ ) is made previous 

U) Dm day of next, they will proceed to declare 

tluit you have ceased to Ixi a member of the Institution. 

iiut, notwithstanding^ this declaration, you will remain liable 
for i«iyment of the arrears due from you. 

I am, 8ir, 

Yours faithfully, 

Secretary. 



FORM G. (BYE-LAW 10.) 

Sir,— I am directed by the Council of the North-East Coast 
Institution of Enj^nncers and Shipbuilders to inform you that 
they ft't'l it their duty to advise you to withdraw from the 
Institution, or otherwise they will be oblij^ed to act in accord- 
ance with Bye-Law 9 (or 10, as the case may Ih)). 

I am, Sir, 

Yours faithfully. 

Secretary. 



Ixvii 
FORM H. (BYE-LAW 11.) 

BALLOTING LIST. 
President.— One N^mb only to be returned, or the vote will be lost. 
President for the current year (eligible for re-election.)* 

New Nominations, from whom to select ONE. 



1 



Vice-Presidents. — Nine Names only to be returned (including the 
six who remain in office), or the vote will be lost. 



—- \ Six Vice-Presidents remaining in office, whose seats are NOT 

vacant. 



[•Three Vice-Presidents retiring, eligible for re-election. 
New Nominations, from whom to select THREE names. 



Treasurer. — One Name only to be returned, or the vote will be lost. 
— Treasurer for the current year, eligible for re-election. 



New Nominations, from whom to select ONE. 



Ordinary Members of Council.— Fifteen Names only to be re- 
turned, including the ten who remain in office. 
\ 



Ten Ordinary Members of Council remaining in office. These 
\do not require to be voted for at this election, as their term of 

service has NOT yet expired. 



Five Ordinary Members of Council retiring, and NOT eligible 

for re-election. 



New Nominations, from whom to select FIVE. 



* To be crcMwd oat before issue, when the President is not eligible for rejection. 



Ixviii 

N.B.— (tf) The names of those who rcmaini in ofHce will be coanted in 
the t/jtal number required without being re- written by the voter. 

(h) Any liHt having either MORE or LESS than the rcqaired number of 
u&uiM vot(»l for in any section will be disqualified for that section. 

(r) VoUiH as President for a person who is not elected will connt for 
him aff a Vice-President. 

(d) Votes as Vice-President, or Treasurer, for persons not so elected, 
will c/mut for them as Ordinary Members of Council, nnless they haye 
ju4t cfjmplotcd a term of office in that capacity. 

(/r) ThiH JlHt, duly fille<l in, may be returned to the Secretary by post, 
or hiititUni to him, so as to be on the Council table before the commence- 
numt of the scrutiny, which is appointed to take place in the Council 
ll/x/m, at 8 p.m., on 18 

(/) A copy of this list Hhall be posted at least Seven Days previoas to 
ill': Annual Meeting to every Member and Associate, who may erase any 
utinu: or names from the list and substitute the name or names of ady other 
\H:rMm or \H:r>it)]iH eligible for such respective offices, but the number of 
IHrfh/iriH on the liMt after such erasure or substitution must not exceed the 
niiriilM^r to Ixj electwl to the respective offices. 

Secretary. 



FORM J. (BYE-LAW 46.) 



Noiitii-Eaht Coa8T Institution of Enqineebs and 

Shipbuildebs. 



FORM OF PROXY. 
Foil Vr>Ti'y* ON Altbbations to Constitution ob Bye-Laws. 



I, , being [an 

HonoiJiry M«'in))er, Mi'inlxir, or Associate] of the above Institution, 

do ln't<l»y upiKiiiit Mr 

who in ; HM Hoiioniry Meniher, Member, or AssiXjiate] of the same 
Iji-iIi iiiion, to act as my I*n<xy, and record my Vote at the General 

Mei-tiii;^ of the liiHiitutjon, to be lield on tlie day of 

, 18 , and at any atljournmcnt thereof. 



Signature. 
Addrt'HX . . 



Secretary. 
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NORTH-EAST COAST INSTITUTION OP ENGINEERS 

AND SHIPBUILDERS. 



Supplementary Bye-Laws Relating to the Graduate Section. 



I. — ^The Graduate Section shall be controlled by the General 
Bye-Laws of the Institution, and the following Bye-Laws are 
supplementary to these. 

This Section shall be open to all Members of the Institution 
who are under twenty-six years of age, who shall be at liberty to 
express their views upon any subject brought before the General 
Meetings of the Section. 

II. — The Officers of the Section shall be elected from and by 
the Graduates, in accordance with the Form given in the 
Appendix, and shall consist of one Chairman, one Honorary 
Secretary, and five Committee-men. The Committee shall have 
power to select one of its members to act as Assistant Honorary 
Secretary if required. 

III. — (a) The Officers shall be elected annually, and shaQ all 
be eligible for re-election until the iage limit is reached. 

(b) Any voting paper returning either more or less than 
one Chairman, one Honorary Secretary, and five Committee- 
men shall be disqualified. 

IV. — The Annual General Meeting shall take place as early 
as possible after that of the Institution in the month of October, 
and the Closing Meeting shall be held prior to the Closing 
Business Meeting of the Institution in May. 

V. — A Special General Meeting may be convened at any 
tune by the Committee. The business discussed at such Special 
Meetings shall only be that indicated on the notice calling the 
meeting. 

VI. — ^Nine Members shall constitute a quorum for the purpose 
of a General Meeting. 

VII — Excursions shall be arranged during the Session as the 
Committee may find expedient. Any Graduate wishing to intro- 



Officera by Ballot. 



Election of 
OfiBcers. 



Rider to General 
Bye-Law No. 11. 



General 
MeetingB. 



Special General 
Meetings. 



Quorum. 



Excursionp. 



Ixx 



Oomniittae 
Metftliiga. 



DiitUM of 
Hon. HecretMTjr. 



dace a friend at such excursions must submit the name of his 
friend to the Committee at least three clear days before the date 
of the excursion. 

Seven clear days' notice of every excursion shall be given to 
every Member of the Graduate Section. 

COMMITTEE MEETINGS. 

y III. — The Committee shall meet at as early a date as possible 
after the holding of a General Meeting, and on other occasions 
when the Chairman shall deem it necessary, being smnmoned in 
either case by circular, stating the time of meeting and the 
business so far as is known. All discussions of a paw>nal 
character in the Committee shall be considered and treated as 
being strictly confidential. 

Four members of Committee, including the Chairman, shall 
form a (luornm. 

IX. — The Honorary Secretary sha^l act under the direction 
and control of the Committee. He shall attend all Meetings, 
Committee and General, and shall take minutes of t^e prooeed- 
iiigH and enter them in proper books provided for the purpose. 
H(; shall write the correspondence of the Graduate Section and 
(voiiiniittotj (excepting that arranging for excursions, which shall 
Ik; jirningod by the Secretary of the Institution). He shall keep 
H Htuiti]) ac(M)unt book, which on all occasions shall be open to 
the iiiH{)ectioii of the Secretary of the Institution. 

PAPERS. 

X. — Thit author of a piper shall forward to the Honorary 
Hrcrctiiry, iit legist fourteen days Ixifore the date of the reading 
of the iMiper, its title and a synopsis of the contents ; a copy of 
the Byiiojwis to l)e forwarded to every Graduate, together with 
tlie notice convening the meeting at which the paper is to be 
read. 
[•..i.h.«of iwrn Xf — Afler the remliiij; of a iMiiHir a copy must be forwarded 

oiiUvhMSuHaon. to the Secretiiry of the Institution in time to be placed before 

the (inuluate Awards Coniniittee. This copy, if deemed neces- 
wiry by the Council, shall become the property of the Institution, 
and Ikj place<l upon the shelves in the Library. These copies, 
together with any sketches accompanying them, shall Ix) written 
upon ini\¥2T of uniform size. 



Ut Imi rt'iMl. 
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APPENDIX. 

GRADUATES' BALLOTING LIST. 
Chaibman. 

j- Nominations from whom to select ONE. 

Hon. Secrbtaby. 

j- Nominations from whom to select ONE. 

Committee. 



Nominations from whom to select FIVE. 



NOTES. 

1. — Any list having either more or less than the required number of 
names will be disqualified. 

2. — All voting papers must be returned to the Secretary of the Institu- 
tion on or before the clay of , 18 . 

3. — No signature must be put on this paper. 

4. — * Signifies a member of the old committee. 

6.— (E) Denotes Engineer ; (EE) Electrical Engineer ; (S) Ship- 
builder. 

6. — A copy of this list shall be posted, at least fourteen days previous to 
the Closing Meeting of the Session, to every Graduate, who may erase any 
name or names from the list and substitute the name or names of any 
other person or persons eligible for such respective offices, but the number 
of persons on the list after such erasure or substitution must not exceed 
the number to be elected to the respective offices. 

7. — Votes as Chairman or Hon. Secretary, for persons not so elected, will 
count for them as membera of committee. 



NORTH-EAST COAST INSTITUTION 



OP 



ENGINEERS AND SHIPBUILDERS 



Twelfth Session, 1895-96. 



PROCEEDINGS. 



The twelfth session of the Institution was ' inaognrated on the 
evening of the 18th day of October, 1895, by a conversazione and ball 
at the invitation of the President, Alderman Thomas Richardson, B.A., 
M.P., in the Assembly Rooms, Westgate Road, Newcastle-upon-Tyne, 
and was attended by a large assemblage of ladies and gentlemen. 



THE FIRST GENERAL MEETING OF THE SESSION, HELD IN THE 
LECTURE HALL OF THE LITERARY AND PHILOSOPHICAL 
SOCIETY, NEWCASTLE-UPON-TYNE, ON FRIDAY EVENING, 
OCTOBER 26th, 1895. 



ROBERT THOMPSON, Esq., J.P., Past-President, in the Chair. 



Before proceeding with the business, the Past-Presidbnt asked the 
Secretary to read the following letter from the President : — 

KiRKLEVINGTON GRANGE, YaRM, YORKSHIRE, 

Dear Mr. Duckitt, October 2Uh, 1895. 

I am extremely sorry to inform you that I find that I have an 

important engagement to-morrow, Friday, the 25th, which will prevent 

my being present at the meeting. Will you kindly convey to the members 

of the Institution my extreme regret at my not being able to be present 

at the first meeting of the present session Mr. Robert Thompson has 

very kindly promised, if possible, to take my place. 

Yours faithfully, 

T. Richardson. 
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2 PBodEEDnroB. 

The Seobbtaby read the minntes of the OloBmg Meeting of the hi* 
session, held in Newcastle-npon-Tyne, on 14th May, 1896, which were 
approved by the members present and signed by the Past-Pfendent. 

The ballot for new members haying been tak^ the FM-PMident 
appointed Messrs. A. G. Schaefier and W. Hdk to examine the voting 
papers, and the following gentlemen were dedared elected : — 

MESMBSBS. 

AisMtt, Mfttthew Wheldon, Naval Arehiteot, etc., 47, Moant Stoart Sqnm^ 
Cardiff. 

Armoar, Jas. Glencairn, Ship Sarreyor, Bureau Veritai^ Onitoai Hoote Ooarti 
Quayside, Newcastle-upon-Tyne. 

Armstrong, B. W., En^neer, Danston Engine Works, near Qateshead-on^Tyiie. 

Brotherstone, James, Enj^neer, 8, Wbitelumse Boad, Snnderiand. 

BCason, Qeorge F., Engineer, Fairhaven, Olive Boad, Penarth. 

McNeil, Thomas Young, Ship Draughtsman, 70, Meldon Terraoe, Heafeon, New- 
castle-upon-Tyne. 

Potts, Cuthhert Ivan, Engineer, 6, Bodsley Avenue, Ckteshead-on-l^rna. 

Stephen, John Murray, Engineer Draughtsman, Northamberiaod Bngina Woiln^ 
Wallsend-on-Tyne. 

Williams, Thomas R., Ship Draughtsman, 178, Bede Bum Boad, Janow-OB- 
Tyne. 

Wilson, John Paul, Shiphuilder, Messrs. Palmers ShiphniUBng Cou, Janow-on- 
Tyne. 

¥^lson, Thomas, Engineer Draughtsman, 6, Aiskell Street, Sundfriaiid. 

GRADUATES TO MEMBERS. 

Forster, Alfred Lindsay, Engineer, Sliafteshury Place, Gktteshead-on-Tyne. 
Musg^ve, Evers, Engineer, 147, St. Owen Street, Hereford. 
Pendred, L. St. L., Engineer, 186, Portland Road, Newcastle-upon-Tyne. 
Simpson, Kenneth, Ship Draughtsman, 41, Dalton Road, Barrow-in-Furness. 
Wakeham, John F., Ship Draughtsman, 50, De Grey Street, Newcastle-apoii- 
Tyne. 

ASSOCIATES. 

Amott, James, Shipowner, etc., 25, Dean Street, Newcastle-upon-Tyne. 
Turner, Edwin, Accountant, 82, Powell Road, Clapton, London, N.E. 

GRADUATES. 

Brown, Thomas Scott, Jun., Apprentice Engineer, 18, Nixon Street, Newcastle- 

uiK)n-T)rne. 
Burbidge, Alfrtnl H., Apprentice Knj^inoer, 15, North View, Heaton, Newcastle- 

('arter, Tlionias, Apprentice Engineer, 128, Sandyford Road, Newcastle-upon- 
Tyne. 

Duckitt, Lou'iH, Apprentice Engineer, Leazes Gate Villa. Spital Tongues, 
Ne wcHMtle-upon - Ty ne. 

Praser, Jolin H.. Apprentice Engineer, New Winning Tavern, Wallscud-on- 
Tyne. 
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McCoull, Cecil, Apprentice Engineer, Oviugton House, Ovingham, R.S.O., 
Northamberland. 

McRae, Thomas, Ship Dranghtsmanf 40, Borough Road. Middlesbrough. 

Thomas, William, Apprentice Engineer, 3, Chester Crescent, Newcastle-upon- 
Tyne. 

Yarty, B. S., Apprentice Ship Draughtsman, 16, Hawthorn Street, Newcastle- 
upon-Tyne. 

Ward, Joseph P., Apprentice Engineer, c/o Messrs. John Spencer & Co., 
Newburn Steel Works, Newbum-on-Tyne. 

Wildridge, Richard, Apprentice Engineer, 7, Alexandra Crescent, Newcastle- 
upon-Tyne. 



The Council Report and Financial Statement for the eleventh session 
were submitted and adopted. 

Mr. W. Cross read a paper " On the Surface Condensing Plant at 
the Newcastle and District Company's Electric Light Works, Forth 
Banks, Newcastle-on-Tyne." A discussion followed. 



COUNCIL REPORT. 



COUNCIL REPORT. 
(Eleventh Session, 1894-96.) 



In preseDting its eleventh annnal report the Conncil has pleasure in 
stating that the financial position of the Institution is still satisfactory, 
bat regrets having again to report that it has been necessary to strike off 
a considerable number of members who, after numerous appeals, have 
still failed to pay up their arrears. This is most disappointing to the 
Council, as it not only means a large pecuniary loss, but also a loss of 
the Transactions issued to these members. With a view of reducing the 
amount of arrears at the close of the financial year, and to meet the 
desire of the Auditor, the termination of the Institution's year has been 
carried forward from the 31st day of May to the 31st day of July, and 
this has been embodied in the alteration made in Bye-law 6. The 
Council hopes that in the future all annual subscriptions which are due 
in advance on the first day of August in each year shall be paid before 
the end of the following month of April to admit of the funds of the 
Institution being duly disbursed, and the closing and placing of the 
Treasurer's books in the hands of the Auditor as early as possible after 
the close of the session. The Council has also had under consideration 
the desirability of having the Institution registered as an Incorporated 
Association under the Companies Acts 1862 and 1867, but the question 
has been deferred. 

At the close of the last year the Institution held in trust the sum of 
£552 lis., being donations collected towards the stipend of the Professor 
of Naval Architecture and Marine Engineering in The Durham College 
of Science. During the year this sum has been augmented by further 
donations (see list, page 9) amounting to £60, leaving a total in the 
hands of the Council, including bank interest, of £617 7s. The Council 
being desirous of guaranteeing to The Durham College a further sum of 
£230 per annum for three years, Mr. Robert Thompson (Past-President), 
Mr. John Gravell (Vice-President), and the Secretary were deputed to 
wait upon the Principal of the College to ascertain whether it would be 
agreeable to them to receive the donation in yearly sums of £230, or that 
the total amount in the hands of the Council should be at once paid over. 
It being the desire of the College authorities that the total sum be at 



6 OOUROIL BEPOBT. 

onoe paid over. Mr. Robert Thompflon (Past-Prefiident) jdaoed in the 
hands of the Gonndl a cheque for £72 128. 6d. to be added to the abo?e 
amount, thns enabling the Gonndl to hand over to the College the foU 
mun of £690. 

The new iron measured mile posts have now been erected at Hartlej, 
and the Oonncil has received from the Ordnance Sorvey Department the 
official certificate testifying to the accoracy of the distances between the 
posts. The statement of the total cost of the posts, e^ will shortly be 
pnblished, and steps will be taken to liquidate the debt. In the mean- 
time Mr. Robert Thompson (Past-Pi^dent) has kindly taken upon 
himself to meet all monetary requirements. A furtb^ sum of £19 
12s. 6d. has been paid out of the funds of the Institution for repairs, 
etc., to the old posts, which sum will be included in the costs of the new. 
The Institution has undertaken to pay to Lord Hastings annually out of 
its funds the sum of £6 68. for ground rent. 

The eleventh session was opened with an address from the President 
(Aid. Thos. Ridiardson, BA., M.P.) on the subject of electricity as a 
motive power. As the President desired to elicit the views of members 
upon this interesting matter the address was thrown open to criticisin, 
which led to almost valuable discussion. 

The following papers were also read and discussed during the 
session : — 

1.— *'A Brief Oatline of the Theory of the Rolling of Ships.'' By Mr. 

Andrew Toang. 
2. — "An Account of some Experimental Studies of Ship Aooelenttion wad 

Flaid Resistance.'* By Mr. F. Caws. 
8. — *' The Design and Efficiency of Pknt for the Transmission of Power bj 

Electricity.'* By Mr. W. C. Mountain. 
4. — " The Application of the Electric Arc to Machinery and BoUer Repurs." 

By Mr. H. Foster. 
5.—** Turret-deck Cargo Steamers." By Mr. S. 0. Kendall. 
6.—** The Metric System of Weights and Measures." By Mr. Q. H. Baiuea. 

No gold medals were awarded for the papers read during the tenth 
session. 

The term of office of the four representatives of the Institution on 
the Surveyors' Sub-Conmiittee of Lloyd's Register of British and Foreign 
Sliipping having expired last December, the OouDcil was caUed upon to 
appoint new representatives. The following four gentlemen were Re- 
elected to fill the vacancies, and the best thanks of the Oonncil was 
awarded to them for their past services, viz. : — Mr. William Boyd, Mr. 
P. C. Marshall, Mr. Robert Thompson, and Mr. Henry Withy. 
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A marked improvement has taken place in the Graduates' Section, 
and at both the meetings and the excursions there has been a better 
attendance. As an experiment one of the meetings was held in Sunder- 
land, for which purpose Mr. F. Caws kindly placed his large room at the 
disposal of the Committee. The attendance at this meeting outnumbered 
that of any other meeting of the session. 

During the session the following papers were read and discussed in 
this section : — 

1. — " Steam Pipes and Fittings as found on Shipboard." By Mr. E. F. Baker. 
2.—" Steam Steering Gears." By Mr. B. G. Nichol. 
3. — *• Railway Brakes." By Mr. J. Bowden. 

4. — Discassion on Indicators and Indicator Diagrams. Opened by the Chair- 
man, Mr. A. L. Forster. 
6. — " Screw Propeller Shafting." By Mr. E. F. Moroney. 

Visits were also paid to the following works : — 

Messrs. George Clark, Limited, Sunderland ; 

„ The North-Eastern Marine Engineering Co.*s Works, Wallscnd-on- 

Tyne; 
,, R. & W. Hawthorn, Leslie,* & Co., Locomotive Works, Ncwcastlc-on- 

Tyne; 
,, Ernest Scott, Mountain, & Co.*8 Works, Newcastle-on-Tyne ; 
,. T. Richardson & Sons, Engineering Works, Hartlepool ; and 
The Durham CoUege of Science Engineering Laboratory. 

The thanks of the Institution are due to the principals and officials 
of these various works for the kindness and courtesy shown on each 
occasion to the younger members of the Institution. 

The awards for the best papers read before this section during the 
tenth session were giv^n as follows : — 

1st Award to Mr. Andrew Young for his paper on the " Launching of Ships." 

(This paper, in a more complete form, was read before the parent 

Institution during the eleventh session.) 
The 2nd Award was divided between Mr. A. L. Forster for his paper on 

*' High Speed Engines " and Mr. W. Oxton for his paper on " Pumping 

Arrangements for Ships." 



At the closing meeting in May, Mr. A. L. Forster was re-elected 
Chairman of this section, and Mr. C. T. Adams, Hon. Secretary. 

During the year the following additions have been made to the list of 
members : — 38 Members, 10 Associates, 28 Graduates, and 7 Graduates 
have been raised to the rank of Members. The Council regrets having 
to record a rather heavy deatli-rate, and several members who have taken 
an active interest in the working of the Institution have been called 
away. Of Members, the following have been removed by death: — Messrs. 



.1 
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G. A. Oalvert, B. E. Dickmson, T. Gloveri F. Joigenaen, W. Eilvington 
(Vioe-Praddent), JameB Lamg, Jan., Dr. OhaiieB Mitdiielly MeaBn. E. 
Beynolds and B. H. TweddelL Aflsodates r-^Messn. W. JenkinB, A. 
Niool, and J. Waid. Graduate :— Mr. J. L. lamieson. 

It has also lost from resignations and otiier causes 50 MemberBi 
6 Associates, and 21 Graduates. 

Owing to the lamentable death of Mr. W. Eilvington (Vioe- 
President), who had been connected with the Institotion from its 
formation, and was one who always took a warm and energrtic interest 
in its workings and welfare, a vacancy has occurred in the list of Vice- 
Presidents, and the Oouncil has elected Mr. James Patterson to fill his j 
place. j 

Further additions have been made to the list of books in .the library, ' 

and the following donations have also been received : — 

rwMDl e d taj. Title of Book. 

H. F. Swan, Ksq. ... ** Nayal Arohitectue." 8 vols. Scott RmteU. 
John GrayeUy Ksq. ... <* Steam Machinery and Steam Naval Architectore.** 2 Tola. 

By Tradgold and WoolhooscB. 
Ernest Scott, Esq. ... Sundry volnmes of Journal of the Society of Arts. 

Owing to the increased attendance at the Graduates' meetings and tiie 
necessity for enlarging the library accommodation, the OouncQ has 
pleasure in announcing that another large room has been obtained 
adjoining the rooms originally occupied, and a lease of five years has 
been entered into with the landlord for the whole of the rooms now 
occupied by the Institution ; these rooms have been redecorated and 
fitted with the electric light. It is hoped that these alterations and 
additions will prove beneficial to all classes of members and enhance the 
value of the Institution. 

Sundry alterations and additions have been made to the bye-laws, 
particulars of which will be found on page 846, Vol. XL, of the Institu- 
tion's Transactions. 
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LIST OF SUBSCRIPTIONS 
Received towards the Salary of the Professor of Engineering 
AND Naval Architecturb in The Durham College of Science, 
Newoastle-on-Tyne. From August, 1894, to August, 1895. 



Messrs. T. Richardson & Sons, Hartlepool (third year) 
Bartram, Haswell, & Co., Sunderland 
Palmer's Shipbuilding Co., Jarrow 

Robert Thompson, Esq. (Messrs. J. L. Thompson & Sons 
Sunderland), donation 



» 



» 



» 



» 



£ s. 


d. 


20 





10 





30 





1, 

72 12 


6 


£132 12 


6 



10 FINANCIAL STATEMENT. 

NORTH-EAST COAST INSTITUTION OF 

STATEMENT of RECEIPTS and PAYMENTS 

'Receipts. 

To Balance from last Account — £ s. d. £ 8. d. 

AtBanken 334 11 5 

„ Hnbiicriptionfl received for Session 1894-95 — 

246 Members at £2 2s £514 10 

440 Members „ £1 Is 462 

110 Associates „ £1 Is 115 10 

121 Graduates ,, 10s. 6d 83 10 6 

1,155 10 6 
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„ Arrears for Session 1893-94— 

11 Members at £2 2h £23 2 

18 Members „ £1 Is 18 18 

2 Associates ,, £1 Is. ... ... ... 2 2 

6 Graduates „ 10s. 6d 3 3 



47 5 

1,202 15 6 



»» 



Transactions sfild this Session ... ... ... ..• 13 U 8 

Copies of Mem biTs' Papers supplied 81 16 4 



95 6 



TyiHf Improvement ('ommiHsioners — 

()n(! Year's Intmrst U) 2lHt June, 1895, on £605, at 3| 

JHT cent. ... ... ... ... ... ... 21 18 6 

Viz. :-M.Klal Fund £274 

(vratluaU^H' Award and Life 

MenilKTM' Fund 331 



£605 

Lfjig — Tax .. •• ... ... 14 5 

21 4 1 

One Year's Interest to 10th July. 1895, on £500, at 32 

jH-T cent. ... ... ... ... ... ... 18 lo 

Lest — Tax ... ... ... ... ... ... 12 6 



18 2 6 



, \V(hk1s Si. Co. — 

Deixmit withdrawn, iH-'ing jMirt of fund for Chair of 

Kn^'int'orin^; and Niivsil Architecture ... ... KJO O 

Interest ... ... ... ... .. .■• I 16 6 



Chair of Knt^nmiTiiip: and Naval .Vrchitecture Fund — 



104 16 6 



Donations 5is j»er li.-t ... ... ... ... 132 12 6 

t 

£2,209 8 6 
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ENGINEERS AND SHIPBUILDERS. 

FOE Session ending 31st July, 1895. 



pai^mentd* 

By Transactions and Papers — 
Lithographing 
Printing and Binding 

r, Stationery and Circulars 
„ Reporting ... 
„ Bents — 

Offices ... ...• 

Lecture Booms 

Telephone 

„ Bates, GaSi and Insurance 
„ Salaries — 

Secretary, Salary ... 
Do. Commission 

Assistant Librarian 

Office Boy ... 

„ Postage, Stamps, Post Cards, Parcels, etc. 

„ Secretary's Expenses and Allowances to Hall Keepers, etc. 

„ Office Expenses, Coals, Cleaning, etc 

„ Bent for Measured Mile Posts 

„ Repairs, etc., to „ 

,, Expenses of Graduates* Meetings and Hire of Lantern ... 

M ^LuCu wO A o A 66 ••• ••• ••• ••• ••• ••• ••• 

„ Cost of New Furniture and Electric Light Fittings 
„ Library Account — 

J^ w *> J300&0 ••• ••• ••• *•• ••> ••• ■•• 

Bookbinding 

„ Chair of Engineering and Naval Architecture Fund — 
Balance of Fund paid over to College of Science 

„ (Graduates' Award Fund — 

Amounts Awarded for Papers 

„ Balance^ 

^^u JDbpU Jk V a d ••• ••• ••• ••• ■•■ •• ••• 



£ s. d. £ 8. d. 



179 12 


9 






263 6 


6 


442 19 
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67 2 


5 
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24 1 


6 






65 4 









10 13 
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16 14 


6 






275 









60 2 
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90 18 
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21 7 
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14 10 
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19 12 
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3 15 









3 3 





728 7 


3 






48 4 
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11 11 
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10 5 
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21 17 
690 
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7 11 


9 






270 8 10 



£2,209 8 6 
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Mr. William Boyd (Past-President) said he had been asked to 
move the adoption of the Council's report on this occasion, and he thought 
that, considering the number of years that had passed over since the 
Institution was formed, the record of its present position might be taken 
as satisfactory. He would like to call the attention of the members to 
the last clause in the first paragraph, that relating to the arrears of sub- 
scriptions, and he spoke somewhat feelingly, being chairman of the Finance 
Committee. One of the great difficulties they had to contend with was 
the difficulty of inducing members to pay up their subscriptions. It 
seemed to him almost an incredible thing that a man should take upon 
himself the responsibilities of membership in such an Institution as this 
in such a light hearted way as to enjoy the Institution without first 
seeing his way to the continued payment of his subscription ; because, 
though he did not know the exact proportions, the arrears were mainly 
from those who just joined for a year or two, and it seemed to him 
indicative of a great want of self-respect that gentlemen should be willing 
to join an Institution, take the Transactions for a year or two, and then 
quietly allow their names to be struck off the list. The Council had had 
the question of the incorporation of the Institution before it ; unfortunately 
it would cost a considerable sum, he did not know exactly what, but 
something considerable. He was not at all sure it might not be an economy, 
for if they were incorporated it would enable them to sue those gentlemen 
who joined the Institution and afterwards failed to pay their subscriptions. 
Those members who had lately been in the new rooms could not, he 
thought, fail to be struck with the great improvement in their appearance 
and the"additional room and comfort provided. There was now growing 
up an excellent library and large reading room, supplied with an over- 
whelming amount of technical papers, enough to turn any man's head ; 
and he hoped the facilities afforded there would be appreciated by the 
members, and possibly induce an increase in the number. He could 
only hope that that increase would be of a payable description. He did 
not know that he need say any more. He begged to move the adoption 
of the^report. 

Mr. Geo. N. Arnison, Jun., had much pleasure in seconding. the 
adoption of the report. As regarded the subscriptions might he make 
a suggestion. In many societies, no one became a member until they 
had paid their first year's subscription. There might, he thought, be 
a rule to that effect. 

The Past-President — It is so now. 
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The Sborbtabt (Mr. Duddtt) — "So one is oonmdered a member of 
the Institation until he has paid his first year's subscription ; but after 
that he stands to receive the Transactions for two years and yet may not 
pay for the second year. 

Mr. ABNI0ON (continuing) said there was one thing in the report to 
be specially noted, and when he came to mentk>n it he felt that he would 
rather Mr. Thompson had not been in the chair. He would rather that 
he was addressing the President when he alluded to idle very generoufl 
action Mr. Thompson had taken in making up the £690, the three 
years* guarantee for the professorship. When he first saw in the report 
that Mr. Thompson had given a cheque for the balance, he came to the 
conclusion that Mr. Thompson had been the father of the sdieme, or, at 
all events, was President when the proposal to have a naval ardiitect and 
marine engineering professorship was mooted, and was therefore deter- 
mined to carry it through, but he found on enquiry that that was not the 
case. Mr. Thompson's action, therefore, commended itself all the more to 
them for the very handsome way in which he had acted. Then they came 
to the erection of the new mile poets, and there they found Mr. Thompson 
again acting most generously as financier to the Institution, taking 
upon himself, for the time being at any rate, to *'meet all monetary 
requirements/' It was to be hoped, however, that the various large 
engineering and shipbuilding? firms in the district would come forward and 
do their share in defraying the expense. He seconded the adoption of 
the report. 

Mr. Frank Graham desired to make one remark. He saw that the 
balance at the end of the financial year was some £60 less than a year 
ago. That was a matter which he did not think they could congratulate 
themselves upon, and his only excuse for delaying the adoption of the 
report was to say that in his '^ comings and goings" he found a surprising 
number of gentlemen connected with the engineering and shipbuilding 
trades who were not members of that Institution, and who would pro- 
bably become members if the modus operandi was easy and just at hand, 
lie had himself recently taken about with him one or two nomination 
forms, and in speaking of the Institution he generally found that it was 
the case of a man not taking the trouble to become a member. If he 
Baid, "Just sign your name and I'll do all the rest," he got a new 
member. Now, he would just like to 8u<;i;:e8t to the members of the 
Institution that if they would carry a few of the nomination forms in 
their pockets — he was sure Mr. Duckitt wouM be very pleasi^l to supply 
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tliem — they might easily mcrease the membership, and perhaps next 
year, instead of a reduction of the balance at the bankers they might 
have an increase. 

The Secretary (Mr. Duckitt) b^ged leave of the Chairman to 
explain that, so far as the amount at the bankers was concerned, it was 
more this year than last. Of the £884 lis. 5d. then appearing in the 
balance of accounts, £152 lis. belonged to The Durham College of 
Science. Now, the balance of £270 8s. lOd. was entirely their own 
money. 

Mr. D. Andrew said in looking over this report, and seeing the large 
amount of money represented by arrears of subscription, an effective 
means of recovering a large portion might result from publication. He had 
no doubt many of the gentlemen who had delayed or forgotten altogether 
to pay their subscriptions did so through want of forethought, bad 
memory, or something of that sort ; and he had no doubt their worthy 
Secretary (Mr. Duckitt) had done all in his power to bring it before 
them. He thought, however, one thing more might be done, namely, to 
post up a list of the names in the Institution rooms. If that were done in 
view of everyone, that might have some good results, and shake up their 
memory. 

The Past- President (Mr. R. Thompson) in reply to Mr. Graham, 
further explained that they had paid £48 to defray the cost of new 
furniture in the extension of premises, and the electric light installation. 
They had got better premises and more stock, the value of which might 
otherwise have appeared in the cash balance. 

The reports were then unanimously accepted. 



THE GOLD MEDALS. 

The Past-President said that it appeared from the circular there 
was to have been a presentation of two gold medals for papers read 
during the eleventh session : the engineering medal to Mr. Henry 
Foster for his paper on "The Application of the Klcctric Arc to 
Machineiy and Boiler Repairs;" the shipbuilding medal to Mr. Stonard 
O. Kendall for his paper on " Turret-deck Cargo Stoamei-s." Unfoi-tun- 
ately neither of these gentlemen could be present that night. 
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The Sbcketart (Mr. Duckitl) read a cammnnication from Mr. 
Stonard 0. Kendall, Glasgow, and Mr. Henry Poster, Old Trafford, both 
expreBsing regret for absence on accoant of pressing bnaineaB engagements. 

The pAST-PaBatDEirr said he would ask Mr. Dnckitt, on behalf of the 
Institntion, to forward the medals to those gentlemen and wish them 
every auccesB in their future career. 




^ 
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OPENING REMARKS BY THE PAST-PRESIDENT. 

The Past-President (Mr. Robert Thompson) said they had had 
the letter from Mr. Richardson read, and he (Mr. Thompson) was sorry 
the President could not be present at this the first meeting of the twelfth 
aession. He did not intend to make any lengthy remarks, as he thought 
any remarks made from the President's chair to an Institution of that 
kind should be worth listening to, and have had some preparation, so that 
what was laid before them would be worthy of consideration and of the 
Institution and President. He did not feel equal to this position on so 
short a notice, and consequently he would not occupy their attention 
more than a few minutes and in a desultory way. He might say in 
regard to what had been said with reference to the College, that the 
report did not quite explain the position. The Chair of Engineering and 
Shipbuilding was now permanently established. On the Institution under- 
taking to endow it for a further three years the College authorities 
undertook on their part to carry the chair on permanently, so that from 
the Institution's efforts in the first place in getting an appointment to the 
chair, in raising subscriptions to support it for three years, and now for 
another three years, there had resulted the permanent establishment of this 
professorship in the Durham College of Science. He was very glad to 
report that the College authorities were very much pleased with this 
additional department of the College. The members attending, and the 
instruction given there, was everyway satisfactory to all concerned, 
and he was quite sure that they would feel great pleasure in having been 
instrumental in setting up a permanent means for scientific instruction 
in their kindred professions in this district. With regard to the mile 
posts he might say all the accounts had been paid, and as soon as they 
had a Council meeting the matter would be settled, and so clear off the 
only arrears of work occurring while he was President. There was only 
one other thing he would like to mention. He could never forget Mr. 
Boyd's opening address, and here they had the very subject he spoke of 
taken up, the management and laying out of works. For that reason he 
was very sorry the President was not there that night, for his opening 
address dealt very largely with this subject, and it was purely the result 
of that address that they had now got a paper from Mr. Cross touching 
on the same subject. He hoped some other members of the Institution 
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wonld take tLc hint and let them h»ve some papei^ during thiflf 
BeseioQ dealing with the eubject, for Mr. Duckitt told him that ath 
present they were rather Hhort of shipbuilding papere. He was 
fectly certain if they conld have a paper upon the mana^ment 
of worka or arrangement of plans and appliances in the shipyard that 
they could have a very interesting paper, which would lead to discuB- 
Bion, and, he wae eure, would be of great benefit to all of them. 
From his experience of Bhipyards it seemed a case of everlastinRly altering, 
Timee moved so rapidly now, money-making was getting, perhaps, more 
difficult, and, in order to attain the ntmost efRcicncy, hiB experience i 
that for two or three years they appeared t« have been undoing pracU--' 
cally what they had done before — spending money without knowing how J 
far it was going to be reconped. Competition, however, waa bo keen'^ 
they conld only keep in the market by advancing with the times. This 
renewal work, however, was a snbject well worth conaideration. It ' 
appeared to him that there were firms who could go on without altera- 
tion, while others went on spending money ; and it had come very mnoh < 
to a point as to how far one was justified in being at the head of thA 
times or even np to the times. Then, as to the size of ships, he was snra 
they might have an interesting paper on tbe question as to whether it 
WM more profiUble to have ships of 10,000, 12,000, or 14,000 tons, 
to divide these figures by 2 aud have two ships. Ho thought that if 
some of their shipbuilding friends would write tbem a paper upon the 
rise of sbipbiiilding and it« progress during tiic last ten or fifteen yeara 
they could have a very interesting discussion. Not tbe least valuable 
part of tbeir Transaetwnit was the diBcussions that followed the papers, 
and dealing with such Hubjetts as he hiid alladod to, whii;h increased the 
value of tbe Institution. They had had prognostications of what tnde 
was going to be, bnt he was not going to attempt any ; he thought it 
better to wait until events developed themselves. It seemed to him 
bitterly that tbe development of trade was very often interfered with by 
speculators outside of the It^ttmate traders. They affected material 
markets and injured bona fids business, as far as shipbuilding aod 
engineering were concemed. Whether it was an advantage to tbe 
country to have too much money or otherwise was a point open to dis- 
cussion ; bnt it did seem to him that there was too much floating capital 
in the country, of which advant^e was taken by speculators and trade 
interfered with. The rapid transit of material from one point of tbe 
world to another, the advices possible by telegraph, brought things to 
such a point that whenever trade began to improve there were certain 
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speculators who jumped into business, and the prospects of legitimate 
trade for the time was barred. Whether the needs of the world were so 
growing that they meant to have a good time he could not say ; they 
could only wait and hope for the best. Certainly the volume of trade in 
the country was greater, and if they could get over the winter perhaps 
things would be better. For all interested he hoped it might be so. He 
had one pleasant duty to perform, that was, to propose a vote of thanks to 
the President for the conversazione they had had the previous week. These 
functions were begun by Mr. Wigham Richardson, and they seemed now 
a part of the proceedings of the Institution. He was quite sure that 
those of them who attended last Friday fully enjoyed the evening. He 
thought it was a pleasant thing for them to get together without discus- 
sion ; to have their lady friends, who for one night in the year could 
have some amount of pleasure as compensation for the number of nights 
they left them alone. He moved that the best thanks of the Institution 
be given to the President for the conversazione in Newcastle. 

The motion was carried by acclamation. 
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ON THE SURFACE CONDENSING PLANT AT THE NEW- 
CASTLE AND DISTRICT COMPANY'S ELECTRIC LIGHT 
WORKS, FORTH BANKS, NEWCASTLE-ON-TYNE. 



By WILLIAM CROSS. 



[Rba.d bbforb thb Institution in Newcastlb-upon-Tyne, on 

OoTOBBB 25th, 1895.] 



In 1892 the Newcastle and District Electric Lighting Company, 
Limited, decided to pat down an independent surface condensing plant 
for the purpose of economising the consomption of steam, and as this 
plant differs to some extent witii ordinary practice a short description 
may prove of interest to the members of this Institution. 

The generating plant for which the above was designed consisted of 
two Parson-turbo motors, each of which, when running at full load and at 
4,500 revolutions per minute, gave about 250 effective horse-power. These 
motors were supplied with steam at 140 lbs. pressure. The motors are 
designed to expand the steam about 150 times, thus giving a theoretical 
terminal pressure of 1 lb. It was therefore obvious that an air pump 
of ordinary construction could not maintain a vacuum nearly perfect 
enough to be of any service. 

The situation was a somewhat difficult one, the point at which the 
condensing plant had to be fixed being 90 yards and the floor level 86 
feet above low water springs in the river Tyne, which was the only 
available source from whence the water necessary for condensation could 
be obtained. It was, moreover, a point of special importance that the 
plant should be capable of running continuously for very long periods 
without stoppages for repairs or adjustments. The surface condenser 
was required to have 1,500 square feet of cooling surface, and the pumps, 
etc., had to be made of suitable size for dealing with plant of such 
capacity. Owing to the height the condensing water would have to be 
lifted and the great length of the suction pipe, it was considered desirable 
to keep the condenser and pumps as low down as possible, and, in view of 
the continuous running required, to keep the engine on the floor level, so 
as to be well in view and easily accessible. 
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The arrangement finally detennined on is shown in Mg. 1 (Plate I.), 
where the tandem compound pumping engine is shown carried on beams 
over the top of the shaft, whilst the condenser and pump are placed at 
the bottom, the pumps being connected to the rocking beam of the engine 
with wooden spear rods. The shaft is 10 feet in diameter, and from the 
bottom of it a drift 260 feet long, and of a cross section of 4 feet 6 inches 
by 4 feet 6 inches is driven to the river, which it meets at about low 
water level. 

Down the drift run two cast iron pipes, each 12 inches diameter, one 
being the suction and one the return. These pipes are continued well 
into the river, the suction pipe being fitted at the end with a short length 
of flexible hose with wind-bore and float so arranged as always to keep 
the extreme end well clear of the mud. 

As the surface condenser is of perfectly ordinary construction it has 
not been thought necessary to give a detail drawing of it. A 
portion of it, however, may be seen in Fig. 1 (Plate I.) ; it is 4 feet 6 
inches in diameter and 9 feet 8^ inches long between tube plates ; and 
contains 790 brass tubes | inch in diameter, giving a cooling surface of 
1,512 square feet. The exhaust steam is brought to the condenser bj 
light galvanized wrought iron pipes, about 2 feet in diameter. 

The engine is a tandem compound, on Kingdon's system, designed 
to run constantly at 60 revolutions per minute, having two cylinders 6^ 
inches and 11^ inches by 1) inches stroke, a detail of the cylinders and 
slide valve is given in ¥i^. 2 (Plate II.). It will be seen that there is 
no intermediate gland, a corrugated piston rod working through a long 
bush being used instead. There is only one slide valve, which is cast 
hollow, the exhaust from the high pressure passing through the back of 
the valve and into the low pressure, there is therefore only the slide 
spindle gland exposed to high pressure steam, a point of importance in 
view of the long runs re(iuireil. It will be seen tiiat on the upstroke the 
corrugations of the rod constantly entering the bush tend to check any 
leakage of steam, and this they effect most completely, whilst on the 
down stroke the bottom of the high pressure and the top of the low 
pressure are in connection through the slide valve, and any leakage past 
the nxl is a matter of unimpoi*tance. The rocking levers are 
double-ended, and are connected to the cross-head by links in the usual 
manner ; the outer end of the levers drive the circulating pump of 1 foot 
6 inches stroke. Nearer to the fnlcruni is attached the sjx'ar ro<l of thv 
cold wattT jmnip, whicii is Di inches stroke, and at the inner end of the 
lever is the air pump spjar rod, of 1 loot G in<'hos stroke. There are two 
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fly-wheels . . . one on each end of the crank-shaft, so that all strains 
are symmetrically distributed. The engine is controlled by a Tangye 
governor, but this is only intended to come into play in case of a spear 
rod breaking or a pump missing its water. The cold water pump is an 
ordinary ram pump, 4 inches by 9^ inches stroke, taking the water delivered 
by the air pump, and delivers against a head of about 50 feet into a feed- 
water tank in the boiler room. It is driveil by a light spear rod made of 
wrought iron tube. 

The circulating pump is shown on Figs. 3 and 4 (Plate III.). It is 
double-acting on the constant pressure system, which has the advantage 
of diminishing the number of valves required and doing away with any 
valves in the bucket. This pump is 1 foot 6 inches stroke, the bucket being 
1 foot 2 inches, and the ram 10 inches in diameter; it is estimated to 
deliver 550 gallons of water per minute at 60 double strokes. The valves 
are of the ordinary india-rubber disc pattern, and are arranged so as to 
be very easy of access. It will be seen that the pump draws only on the 
upstroke ; on the down stroke it delivers all the water to the top 
or ram side, but that as the ram is one-half the area of the bucket, one- 
half of the water is displaced and delivered into the condenser ; on the 
succeeding upstroke the second half is delivered. The delivery is there- 
fore practically constant, whilst the suction is intermittent. The velocity 
of water through the valves is 5 feet 6 inches and in the suction pipe 
3 feet 6 inches per second. To prevent shocks in the suction pipe, 
due to the intermittent flow, an air vessel of 11*25 cubic feet capacity 
was fitted, as shown in Fig. 1 (Plate I.). The water after being forced 
through the tubes of the condenser passes back to the river through the 
second or exhaust 12 inches pipe already mentioned, the eifect of this 
being that the head is balanced by the suction of the delivery, and the 
work on the pumps very considerably reduced. 

As already mentioned, so high a vacuum was required that an air 
pump of ordinary construction could not be expected to deal with it, and 
one of special construction had to be constructed. 

In an ordinary air pump the clearances are so large as compared with 
the volume swept by the piston that at very high vacuums the vapour is 
never compressed sufficiently to attain the atmospheric pressure plus that 
required to lift the valves, consequently on the next outstroke the vapour 
simply expands again and fills the barrel without any suction having 
taken place. It was therefore decided to break up the compression of the 
vapour into stages, so that the compression in any one cylinder would 
be but small, and the difficulty mentioned would not arise. Fig. 5 
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(Plate lY.) shows a section of an experimental air pump made to see 
what vacuum could be obtained, and in which the process is broken up 
into four stages. In this model all the valves are worked mechanically 
to relieve the vapour of the work of lifting them. The design is very 
like an ordinary pair of tandem cylinders. The vapour enters under the 
bottom foot-valve A. This valve is worked by the friction of the tail rod 
working in a prolongation of the valve, which forms practically a bush, and 
it is kept from rising too far by a cage, which fits over it and limits its lift. 
The same method of working also applies to the diaphragm valve and 
the top exit valve E. The two pistons, B and D, are loose on the rod, 
which has a slight play allowed between two collars, the lower collar 
forming the valve in each case. 

As drawn, the pistons are shown on the down stroke. A, C, and E are 
therefore closed, whilst B and D are open, the vapour has thus a free 
passage from the lower to the upper sides of the two pistons. On the 
commencement of the upstroke the valves B and D are at once closed 
and A, C, and E are opened. The vapour then has free communication 
from the condenser to the under side of the lower piston ; from the upper 
side of this piston to the under side the top piston and the top side of 
the latter is open to the atmospheric pressure. 

As there is, on the down stroke, free communication between the top 
and bottom sides of the pistons practically no compression can take place 
on the under side, and owing to the difference in areas of the two 

AT 

cylinders the vapour is only compressed from X to -— in the upper part 

AT 
of the large cylinder and from —^ to AT in the upper part of the small 

cylinder. 

The experimental pump is here exhibited, and it will be seen that 
though no special precautions have been taken in the way of piston packing, 
fitting, etc., to prevent leakage, yet when driven at about 100 revolutions 
a minute, without any water, an almost perfect vacuum was attained, 
certainly within *! inch of mercury. This was a better vacuum than was 
required, and the pump as finally made was somewhat simplified, there 
bein<^ only one cylinder, and a differential piston, somewhat the same as 
used for the circulating pumj). With this pumj) a vacuum within \ inch 
of the barometer is easily maintained for weeks, even months, at a time. 

Having now briefly descrilxid the plant, it only remains to give the 
general results. 

A few difficulties were experienced at the first, but these were easily 
overcome, and the plant has been working continuously ever since. It 
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generally runs for about six months on end without stopping, and 
practically without attention of any kind. Though only a part of the 
plant works into the condenser . . . the results so far have been very 
satisfactory. The cost of coal (at the same price per ton) per Board of 
Trade unit has dropped nearly 60 per cent., and the cost of water about 
70 per cent., as taken over six similar and consecutive months in each 
case, a saving sufRcient to pay the whole cost of installation in about 
three years, and this result would have been still more favourable had 
it not been for the unavoidable expense of the shaft and drift. 

Surely these figures are worthy of the attention of the owners of the 
numberless high pressure non-condensing engines in this district, and 
who are in most cases much more favourably placed as regards site and 
facilities for obtaining condensing water than in the present case. 

In conclusion, the thanks of the author are due to the Newcastle and 
District Electric Lighting Company, to the Hon. 0. A. Parsons, and Mr. 
William Hunter, the engineer to the company, for their kindness in afford- 
ing him the necessary information to enable him to complete this paper. 



The Past-President intimated that the discussion on the paper would 
be adjourned to the meeting to be held on December 17th, in Sunderland, 
the Hartlepool meeting being kept free for a paper to be read and discussed 
at it. 

Mr. Wm. Boyd said as he might not have an opportunity of going 
to Sunderland when this paper was to be further discussed he would like 
to express their thanks to Mr. Cross for having brought forward a 
subject which, he thought, was one which deserved, perhaps, more 
attention than it received at the hands of the members of this Institution. 
He endorsed the regret Mr. Thompson had expressed that the President 
was not present, for there was no doubt his address a year ago alluded 
to this great question of the economy in the conduct of works. That was 
one of the subjects he (Mr. Boyd) had always felt could be usefully attended 
to by members, and on which some very interesting papers and discussions 
might be produced, for they often found that papers most interesting 
and most useful in eliciting the opinions of the members were not those 
that required most elaboration in their preparation, but introduced 
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sabjects that were in the common experience of everybody, and whidi 
appealed to their interest in their daQy work. The sabject that Mr. Orofls 
had introduced to them that evening was one which for some time past — 
for some years past — he had been endeavouring to see canied out 
at the works with which he was connected, but like many odier 
things it got overlooked in the press of business and the exigenoiBB of 
other things. It rather curiously happened that, without knowing this 
paper was about to be read, he was engaged going into some calcula- 
tions and estimates as to the cost, and the results that would be 
obtained in fitting up a condensing plant to receive the exhaust from 
some half a dozen high pressure engines at present engaged in driving 
their machinery. He thought the great difBculty that had to be met, 
and towards which this paper certainly gave very great relief, was 
the cost of the circulating water — the cost of passing the dreulating 
water through the condenser in any ordinarily established shipyard or 
engineering works. Of course, a shipyard would perhaps be more 
favourably situated than an ordinary engine works, for, at any rate, the 
shipyard must be dose to the water; but the difSculty lay not in 
carrying the exhaust from the engines to the condenser — ^not perluqw 
so much in the air pump — ^but the difSculty lay in getting a drculation 
of water through a condenser on anything like economical terms. Of 
course, in many of their establishments the boilers were supplied with 
water from Whittle Dene or other supplies of that character, and of 
course it would be quite out of the question to use Whittle Dene water as 
the circulating water. It seemed to him that the question of the cost of 
that part of the installation was really the keynote of the situation, 
and it was extremely encouraging to him, at any rate, to find that 
Mr. Cross stated in his paper that, notwithstanding he had included 
in the cost of circulating the water the long drift to the river and a well 
so many feet deep, and, moreover, a costly mode of applying the circu- 
lating and air pumps, for these fittings must have cost very much more 
placed at the bottom of the well than they would have done if placed at 
the surface, Mr. Cross showed that a great saving could be effected in the 
consumption of water — he took it to be on Whittle Dene water — (Mr. 
Cross — " Yes")— and on the coal bunied, even with such a costly installa- 
tion as this, for it was obvious to anyone that the circumstances were 
against tliem all the time — then he (Mr. Boyd) said it seemed to him to 
be a very great encouragement to all of them to look into this question, 
and times like these, when there was no profit to be made at all, were 
the most suitable for examining into everything connected with the 
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eoonomy of works. It was a cnrions thing how one thing led to another ; 
and somehow the moment of time seemed to become ripe ahnost without 
knowing it for a certain question. He had only that day had his atten- 
tion drawn to the condensing and feed-heating plant — ^he thought the 
name was Wright's condenser, a London firm in Victoria Street or Great 
€^rge Street — in which the saving they undertook to effect anywhere 
where ciicnlatiug water could be obtained with anything like reasonable 
facility curiously enough tallied very closely with the figures given by 
Hr. Gross. The statement he had seen that day in connection with some 
works — not his own, but some engineering works in the district — vindi- 
cated a saying of 58 per cent, on the coal cost Well, that worked out 
approximately to something like what Mr. Cross had indicated in his 
paper. Of course, they were all very familiar with the success that 
attended feed heaters, water cleansers, and grease extractors, and the 
large family of patents that flourished so successfully on board ship ; and 
it appeared to him that some of those valuable patents might be applied 
very successfully for land work in their factories. And speaking for 
himself, as intimately connected with the management of a large factory, 
he was very greatly indebted to Mr. Cross for having called the attention 
of this Institution to such an important subject. Either that night or 
some other night some members more competent to deal with details 
would discuss the question, particularly as to this quadruple air pump 
of Mr. Cross's design ; but that was not a subject he would venture to 
occupy their time with now. He desired to express his sense of the 
importance of the subject to the members of this Institution. 

The Past-Prbsident, finding no one disposed to make any remarks, 
said they would adjourn the discussion to the Sunderland meeting. He 
thought they might take it as a compliment to Mr. Cross, that the 
success of the arrangement described in his paper put it above criticism. 
It spoke well for Mr. Cross's firm that they had achieved such a success. 
He was always glad to see anyone moving ahead in the way of economy, 
especially with large works. Engines are sometimes placed in works 
which do not prove economical. They might get 20 per cent, economy in 
a marine engine, and in addition so much from a feed heater, so much 
from a grease extractor, and other contrivances, which would show a 
considerable saving. Here they had a saving which in three years would 
pay for the whole of the plant. In his works they always went for a 
machine or alteration which would leave 15 per cent, margin, and the 
effect of this on the question of cost was very favourable. There was no 




drabt immenae waste, Cflpeciiilly in shipTardB. He had trften saij Dial 
he wonld be content to take the waste of a abipjwrd for hii incuuii.'. 
'niese were times reqniritig economy all ronnd, and such eoonomf aa was 
ahown in papen limilar to the one jost read by Hr. Oroas, dewrred tvtaej 
attention from this Institution. 

The meeting conclnded, farther digcnsaion on Mr. Onwa's paper 
being postponed to the Deoember meeting in Sunderland. 
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NORTH-EAST COAST INSTITUTION OF ENGINEERS 

AND SHIPBUILDERS. 



Twelfth Session, 1895-96. 



PROCEEDINGS. 



SECOND GENERAL MEETING OP THE SESSION, HELD IN THE 
ATHEN.'EUM, WEST HARTLEPOOL, ON SATURDAY EVENING, 
NOVEMBER 16th, 1895. 



J. R. FOTHERGILL, Esq., Vice-Pbhsident, in the Chaie. 



The Vice-President said he had two telegrams to read. 1st, from 
the President : — " Regret much cannot attend meeting. Kindly take my 
place." 2nd, from Mr. Duckitt (the Secretary) :— " Sorry unable to be 
with you to-night." He (the Chairman) was sure they would all regret 
the absence of the President who, he might say, had so many calls upon 
his time that he found it impossible to be with them that night. He 
also felt sure they would all deeply regret and be sorry to hear their 
genial and obliging Secretary had most unfortunately happened an 
accident by straining some of the sinews of his leg, and that he was at 
the present moment confined to his bed, but he hoped soon to see him 
about again. He called upon Mr. Wallace (the Assistant Librarian) to 
read the minutes of the last General meeting. 

The minutes of the last General Meeting, held in Newcastle-upon- 
Tyne, on October 25th, 1895, were read, approved by the meeting, and 
signed by the Vice-President. 

The ballot for new members having been taken, the Vice-President 
appointed Messrs. H. Macoll and G. W. Sivewright to examine the voting 
papers, and the following gentlemen were declared elected: — 
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Bewlaj, Chkrla J ^ SUp Dnnglitanwn, 6, Wnningtca BoMd, Neweulli 
Crafton, Chwla*, Kngineer, 17. Albanj Tenaoe, WbiUej, iimt He«OMt)e-M- 
WilMiii, Hanry J. H^ Bngineor, 117, Beds Bmn Bead, Jmirov-oQ-TriiB. 

QBADUATB TO H8HBEB. 
Hamilton, Robert C , Bngiuecr, Maitra. Stkbilimento Amutigii^ FOaxaoK, 
Naples Italj. 

ASSOCIATES. 
HolUdaj, Henrj, SwMtar; and Oonuoerdal Utniger, HiMn. CoiiMtt Iraa CSo., 

BeechgTOTB, Blackhill, Conntj Dorluun. 
HndMO, Bobart, Seorcterj, H«Hr«. C. 8. Swan & HoDter, M, Hotqpnr Stnet, 



Todd, John Stanlej, Dnderwritar, Percj Park, Tyiwrnoatli. 
Whitfield, John, Shipowner, Bljtb. 

GRADUATES. 
Buhner, AlbAt Edwaid, Apprentioe EDgineer, S, GnungerTllle 'StaOi, HawoMQc- 

on-Tyne. 
Hepborn, James H., Apprentice Engineer, 17, Qratvenor Flaee, Jewaoad, ll«w- 

caitle-on-TTne. 
Laoe, Baul Theodore, Apprentice Engineer, Se, If<»th View, Heabm, Neveaati^ 



MollwnUth. Charlei H. C, Apprentice Engineer, S, Ki^ Boad, B 

Faihb;, Arthar, Apprentioa Kngineer, 10, Campbell Sti«et, NewCHUa-on-TyMb 

Poegate, Jamei Stephon, Apprentice Engineer, IB, North View, Heaton, Nmr> 

caitie-on-Tjne. 
Shaod, William Lamont, Apprentice Eni^neer, 64, Oiborae Road, Tfewcattle-on- 

Tjne. 
Townend, Sidney, Apprentice Engineer, 10, Cambridge Street, Newoaatle.on-Tjne. 



Mr. J. Dkhholu Tounq, M.I.N.A., read a paper " On the Application 
of the Law of Similarity to Marine Propellers." 
A discQBsion followed. 

Mr. G. II. Baihbb reported to the iDBtitntion what had been done in 
reference to the Metric System of Weights and i 
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ON THE APPLICATION OF THE LAW OF SIMILARITY TO 

MARINE PROPELLERS. 



By J. DENHOLM YOUNG, M.I.N.A. 



[Read befobk the Institution in West Hartlepool, 

on novembeb 16th, 1896.] 



It waa pointed out by R^ch that the laws of similarity applied to the 
complete behaviour, with certain well-known restrictions, of a model 
of a paddle or screw steamer in which all the observed speeds were pro- 
portional in the model and in the steamer to the square root of the linear 
dimensions. 

The influences aifecting the hull and engines have been noticed by the 
writer in a previous paper,* so that at present attention may be directed 
to the propeller alone. 

It will be understood that by similar screws are meant screws of the 
same pitch-ratio and configuration, and by similar paddles those that are 
the same in form and number of floats, and in the ratio of breadth and 
depth of float to diameter of paddle. 

When linear velocities are directly proportional to /,ydia., revolutions 

of similar screws or paddles are inversely proportional to ^dia., as can be 
seen by the elementary reasoning in the Appendix. A parallel illustra- 
tion of this law is that the number of oscillations of pendulums are 

inversely proportional to i^length. 

When the real slip-ratio is identical, in the case of model and ship, 
the similarity of motion of the propeller through the water is complete. 

It may, therefore, be taken as a starting point that, with similar 
propellers, when the revolutions vary inversely as the square root of the 
diameter, and the real slip per cent, is identical in the model and in the 
steamer, the thrusts vary as the cubes of the diameters, and the 
indicated horse-power as diameter*. 

* Trawt., Vol. IX., page 71. 
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The above generalisation does not necessarily conflict with the 
theories of propeller action enunciated by well-known writers at different 
times. Broivdly speaking, whatever theory or convention we adopt in 
analysing the action of propellers, the law of similarity is implicitly 
included in the analysis, with propellers just as with ships. 

It is at once seen that a series of experimental constants, such as 
those obtained by Mr. R. E. Froude, can be readily transformed and 
operated with under the law of comparison, as also can the equations 
suggested by Mr. Thom, and adopted by Mr. Barnaby and others. (See 
Appendix I.) 

In the above systems there is the underlying assumption that with a 
given propeller at constant efficiency, the indicated horse-power varies as 
the cube of the speed. 

The law of comparison is satisfied if this is the case. It is also 
satisfied with a wider assumption, namely, that at corresponding speeds 
the indicated horse-power can be expressed by the following formula for 
similar propellers : — 

I.H.P. = constant x (dia.)* x (speed)*', 

in which at all times 

y + 2a; = 7. 

As this can give an indefinite number of values of x and y, it will be 
more convenient to dispense with constants and deal with actual speed 
and power results, treated under the law of conipiirison. 

Some of the factors which fulfil or modify the action of this law may 
now be considere<l in detail. 

1. — Ini)I('atki) IIorsk-power and Thrust. 

For the puri)ose of making the results of this piiper more genendly 
aj)plicable to ra})id calculation, gross indicated horse-power, subject to 
c(;rtain correction, will l)e implied. In making a transition from one 
tyiH! of machinery to another, or from one form of vessel to another, the 
various clliciencies will have to l>c taken into account, as different types 
will Ik.' found to dilTer considerably. In irenend, it ap{X}ars that the 
ainouni of initial friction in machinery is decreasing with mcKlern 
liio'/n'ss. * 

Mr. Fronde's fiirures of averaire results are well known, and for the 
•■.il-.«' of reference are given here. 

* Str Tiiylor, Ji(-^i.t. df Ships, pa;.'i' IIH. 
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Initial friction 
Friction of load ... 
Air pump, etc. 
iscrGiv ... . , , 
Thrust deduction 
Effective horse-power 



LHP. 
= '1'30 
= -130 
= -07 
= -129 
= -154 
= 387 



In taking data from graduated trials at points below full speed, for 
adaptation to full speed of another steamer, a small allowance may be 
neoessarj on account of the disproportionate friction of the two engines 
at corresponding powers. This allowance may be put in the form of a 
factor transforming the indicated horse-power at reduced speeds, to what 
it would he if the cylinder volume^ instead of the pressure, were reduced, 
and will approach the following average values, where ih.p, = power of 
engines at reduced speed, I.H.P. = power at full speed : — 



I.H.P. 


•1 
•8 


•2 


•3 


•4 


•5 


•6 


7 
•97 


•8 


•9 


Multiplier to he 
applied to corre- 
sponding LH.P. ... 


•835 


•865 


•895 


•922 


•947 


•985 


•995 



The purpose of these factors is, of course, different from the /i in Mr. Hok's 
paper of 1893, where the engines are not tied to a particular propeller. 

2.— Slip. 

The speed of the wake must be added to the apparent slip for our 
present purposes. Apparent negative slip is now so well understood that 
it is not necessary here to do more than refer to it, as being a common 
occurrence with long and full vessels. 

3.— Wake. 

This factor is not yet fully investigated as to its absolute amount. 
A valuable paper on the subject will be found in Tram, I.N, A., 1893, 
contributed by the late Mr. Calvert. 

It appears that the amount of wake motion depends chiefly upon — 

1. The form of the vessel. 

2. The nature and amount of wetted surface. 

The effect of speed upon wake value is not yet known, and will probably 
be most felt at the period known as " limiting speed." 

A scale showing the estimated values of the wake of several classes of 
ships is given on page 34, with the kind permission of Mr. R. E. Froude, 
taken from his paper on projjellers in Trans, I,N.A., 1892. * 



* From this and other data the writer has constructiid the diagram on Plate Wl. 
giving average wake valnes. 
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It will be seen from ref eienoe to 
it that as a role the wake value for 
single screws is very mndi larger 
than in the case of twin screws. 
A vessel in whidi a large portion 
of the propeller projects below the 
keel, as in some torpedo boats, may 
be expected to have abont the same 
wake value as a twin screw of the 
same size and fulness. Likewise 
the centre screw of a trijde screw 
vessel, though working in a heavier 
wake than the wing screws, will, if 
placed as low as it can be, be found 
to work in water, having compara- 
tively less forward motion than if 
the propeller had reached nearer 
the surface, where the wake motion 
is greater. 

If differences of wake are not 
justly taken into account in oom- 
parisoiis of screw performance, it 
will appear as if the law of similar- 
ity were not fulfilled. In fact the 
performance of the propeller, when 
properly interpreted, is a good test 
of the amount of wake in actual 
cases. 

Mr. Barnaby has pointed out 
that the correction for wake causes 
us to adopt a comparatively larger 
diameter for sinj^le than for twin 
sci-ews ; that is, one more than 
eciiuil to the combined disc area of 
the two. 

4. — Immkrsion of Pkopellers. 



Thu iinportaiK'e of sutKcienl iin- 
nuTsion of screws is well known, a 
considiniblc* loss of etficiency always 
resultinir when air is taken down in 
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any large qnantitj. Yet there can be no doubt that absolute size gives a 
disproportionate advantage in this connection. 

The 2 inch propeller used by Prof. Osborne Reynolds in the experi- 
ments described in Tram. LN.A., Vol. XV., raced severely when its 
• blades tipped the surface of the water. A 20 feet propeller will not be 
affected to anything like that extent in corresponding circumstances, 
evidently becanse it cannot draw down so much air in proportion to its 
size. 

Bevolntions and slip per cent, appear to be increased, at a given 
speed, in proportions approaching the values in the following table, where 
H is the distance from centre of screw to the surface of wave when under 
weigh, average immersion being taken at 0*3 diameter, and the thrust 
remaining constant : — 



H 
D 


Revolutions 
per Minute. 


1-3 
1-2 
11 
105 


100 
102-5 
105 
107-5 



5. — Frictional Resistance of Screws. 

The coefficients of friction for various surfaces published by the late 
Dr. Froude in 1872 have been practically confirmed by the independent 
experiments of Tideman. 

Prof. Greenhill has given an exact analysis in the Engineer, July 9th, 
1886, of the frictional element, in the course of his series of papers upon 
the screw propeller. 

Unless calculating between propellers widely differing in size, no 
appreciable error will be introduced by simply merging this factor into 
the main quantity subject to the law of comparison. This course may 
often be all the more advantageous, as it is still uncertain how much of 
the surface of the blade is to be taken into account. It was found in the 
trials of S.S. "Iris" that the coefficient of blade friction seemed to 
decrease at the larger slip-ratios, apparently because the flow of water 
overleaps some of the back surface in these circumstances. 

Assuming that both sides of the blades are equally affected, the 
following formula will approximately express the resistance in pounds, 
due to fluid friction : — 
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Y = speed of screw in knots per hoar. 

D = dia. of propeller. 

B = mean breadth of each blade. 

P = pitch. 

A s expanded surface, 1 side. 



Resistance = 



^x {,V^-^^±^f. 



This is for painted surface. The constant can be reduced to suit any 
other surface, in proportion to the figures published by Dr. Froude. 

6. — Edge ok Hsad Bbsistance of Screw. 

In pn^llers of similar thickness of blades this factor should follow 
the law of comparison, and as it is a frequent practice to make propellers 
with the same ratio of thickness to diameter we will 'frequently be able 
to neglect any correction on account of edge resistance. 

If, however, the metal be made as thin as can be, th^ in similar 

propellers at corresponding speeds the square of the thickness of the 

blade will be proportional to the total thrust, or to the cube of the 

diameter, since ~ 

/* X B a D» X r, 

where / = thickneas of section, 

B = breadth of section, 

r = radius of centre of effort. 
Assuming, then, that the edge resistance is, within the limits of this 
l>articular case, directly proportional to the thickness of the blade,* we 
would have for proportionately strong blades at corresponding speeds 

Kdge resistance per cent, ot D^. 
Absolute data on this subject are much wanted. The head resistance 
of the blades of H.M.S. ** Iris" Wiis assumed at 10 per cent, of the fric- 
tional resistance of the blades, and although for thicker propellers a larger 
allowance must be made, the excellent results obtained from screw 
projx'llers at high speeds a»d revolutions show that the edge resistance is 
apparently mucii less than would lie deduced from Beaufoy's data and the 
law of " velocity s(juare(l." Althoui^^h other considenitions may account 
for this, it is difficult to believe that, stiy in U.S.S. ** Minneapolis" and 
'* Columbia," the frictioual and vxh^a resistance combined was much more 
tiian what is indicated in paiiignii)iis 5 and 0. Froude's formula for the 
nornud prttssure, in fivsii water, of j»lancs niovinj^: at an angle a was, in 
jK)unds, 1* = 1*7 sin a x jirea x V^ (in feet })crsec.). 

• St'e paiK-T by Lord Kuvlei^'h, PhU. Matj., 187<>. 
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7.— Centrifugal Action. 

Although when screws are properly immersed, this does not appear to 
exist to any appreciable amount, when it does occur, centrifugal action 
will also follow the law of comparison. For it will be best in accordance 
with our knowledge of facts, if we assume that, with similar propellers at 
corresponding speeds, the mass of water influenced is proportional to the 
cube of the diameter. 

Hence if M = mass of water at radius r, and revolutions N, we 

have 

Centrifugal force a Mr N^, 

oc D3 r W, 

or at corresponding revs, a D^ r , 

C vr) 

which is in accordance with the law of comparison.* 

Hence no correction will be necessary for centrifugal action where it 

exists. 

8. — Maximum Thrust. 

The application of the law of comparison is useful in showing the 
utmost that can be taken out of a given propeller, when attached to a 
particular form of ship, since the period of maximum available thrust will 
occur at corresponding speeds and revolutions, with similar vessels fitted 
with similar screws of proportionate diameter. 

The hull of a vessel cannot, of course, be said to have j}er se any 
maximum speed so long as power can be applied to push or tow it. The 
so-called " limiting speed " is fixed hydrodynamically by the relation of 
the propeller employed to the hull. It is evident that when a limit to 
ayeed has been reached, say with a full model having a single screw, a 
further access of power may frequently be utilised by means of twin 
screws. The true nautical limit to speed depends conjointly upon the 
hull and propeller, and the available capacity for fuel and machinery,! 
considerations which do not come within the scope of this paper, but are 
merely mentioned to qualify the heading of the paragraph. 

9.— Different Forms of Screws. 

Although in applying the law of comparison it is assumed that a 
given type of screw is adhered to, it may be well to consider how far the 
change from one type to another is permissible without largely altering 
results. 

* This theorem connects the law of comparison with centrifugal pumps. 

t Cf. The Howell torpedo, of which the motive force is supplied through an 
electric conductor from shore. 




Apart from turbine propellere, Bcrem m&y be divided mainly into 
thoee with nnifonn pitch and those with varying pitch. We may fnrUier 
sabdivide tbeao bb follows : — 

(a) The generating line straight and perpendicnlar to the axis of 
rotation. 

{b) The generating line straight and inclined oft. This has been 
sajrposed by some to throw the water to a focns, bat consideration will 
show that the water cannot make mnch progreBB towaida tliat foong. 
The stream lines of the ship are, however, cnt at a more advantageoas 
angle, and the blades are also thrown fbrther astern into kn disturbed 
water, efficiency being often perceptibly increased thereby. 

(c) The generating line carved and Uirown back with oonoavity or 
convexity aft. The idea of a "focns" probably inflnencea the designers 
of Uie former method, bnt the latter throws the lu^er portion of the 
blade into len diatorhed water, and is probaldy, in allele screws at least, 
the more efficient. 

(d) The generating line may be concave in the direction of rotation, 
as in Uie Hirsch propeller. This is intended to reduce oen^ftigal action, 
which has been oonaidered in section 7. 

(«) Simaltaneonsly with any <£ the above m^ods, the blades may be 
slightly curved forward at the tip. This has been said to decrease 
vibration, although it may be at the coat of efficiency. 

(/) The pitch may increase radially, i.e., from boss ontwarde. It 
appears reasonable that as little of the available power as possible sboald 
be expended close to the roots of the blades, where not so much forward 
thrust can resnlt. We may, therefore, expect a small increase of efficiency 
when this arraDgemeat is judiciously carried oat ; and for corresponding 
results an equal percent^e of increase should be adhered to in cor- 
responding cases. This form was introduced by Woodcroft. 

(j) Pitch increasing axially. Raukine recommended this form as 
likely to increase the theoretical maximum efficiency from 1 — slip per 
cent, to 1 ^ per cent, when the anglu at the leading edge coincided 

with the direction of feud. But it may be urged, on the other hand, that 
even with a constant axial pitch, a sulficicntly gradual acceleration of the 
water probably takes place, to avoid the hypothetical " shock " upon 
which Kaiikiue Imsetl liis renfioninf; in this particular theorem.' Whether 
tliiH is so or not, the l>ack resistance of tiiu hladus is imturuliy increased 
by thin variation of pitch, t 

* The iiuppiwitioti of ahock s|)pcarB to be oppusod U> thv " »trism-liii(; " theury. 
t Sim Taylor, Beiu. of Ship; page Wi. 
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(A) The " Thornycroft " screw has the greatest pitch about the 
centre of the blade, these being set back with convexity aft, as in {c) 
above. Mr. Thornycroft has pointed out the tendency of the water to 
" short-circuit " the blade when the pitch is excessive at the tip. 

(») The blades, as seen from aft, may be each symmetrically shaped, 
or curved to one side, with any of the above forms of spiral. Throwing 
them to one side away from the direction of rotation, has the effect of 
bringing the tip further aft into less disturbed water ; but this may also 
be attained in the ways pointed out above. 

10. — Shape of Blades. 

The form of blade now generally known as the " Admiralty " type 
seems difficult to improve upon, but sundry alterations in the distribution 
of surface do not make much difference. When the diameter has to 
be unduly curtailed, comparatively broader tips will, of course, be 
advantageous. 

With reference to all the types enumerated above, the percentage of 
difference between one form and another is not so large as to prevent a 
safe transition from one type to another, provided that the diameter^ 
pitch-ratiOy and s^urface are statable for the case ; that the blades are as 
thin as is consistent with requirements, and that they are kept well bach 
out of the dead'water. 

11. — Number of Blades. 

While the choice of the number of blades will depend upon circum- 
stances of draught and type of vessel, Mr. R. E. Froude has given the 
means of using data from 4 bladed screws for those with 3 and 2 
blades, or vice versa, the indicated horse-power for a 4, 3, and 2 bladed 
propeller being in the ratio of 1, 0*865, and 0*65 respectively, for the 
same degree of efficiency ; each single blade being of the same size. 

12. — The Turbine Propeller. 

In the turbine propeller* the rotary momentum of the race is utilised 
to produce forward thrust by placing j&xed guide blades with suitable 
reverse curvature immediately abaft the revolving propeller, and enclosing 
both in a cylindrical casing, the propeller boss in the most improved form 
(Thomycroft's) being specially prolonged and formed to suit the flow of 
the race. 

In treating turbine propellers under the law of comparison, an 
increased amount of surface relatively to diameter has to be dealt with. 

• Introduced by Mr. Arthur Rigg in 1864. 




NotwiLhetanding this, tiie tnrbine propeller remaiiu effective whrae ligfat- 
DMB of diaagbt would predade the lue of an ordiaar; screw. 
18.— Htdraolio Peopdlmob. 

Whether actuated by a reciprocal or a oentrifiigal pnmp, the indicated 
horBe-power of similar pnmpe with similar pasaagea will, when Uie 
tuimber of strokes per minate are inversely proportional to the aqnare 
root of the linear dimensions, t^id to follow the law of comparison. 

In this plan, which, in spite of its low efficiency, reoommends itnlf ' 
for spplicatioQ to steam lifeboats, the friction of paasages will, in case of 
great di^rence of size, have to be taken into aoconnt, and will, of ooniBe, 
always tell to the advaotage of the larger model. 
U. — Paodlks. 

In comparing paddles with one another in this oonneotion, it will be 
aecewary to bake note of the following causes of diEEerence of relBtive 
performance : — 

(a) Position and amonnt of immersion. 

(b) Ratio of breadth and depth of float to diameter of paddle. 

(c) Whether radial or feathering floats, and wooden or steel. 

As a means of ntiliaiiig a given amonnt of indicated hom-power, tiie 
paddle with feathering floats appears in smooth wat^ to be as efficient as 
the screw. A considerable amount of air is drawn down by each float, 
but on tiui other band the absence of race rotation and the great diminu- 
tion of surfmst! frictiun on floats as compared with screw blades, appear 
fully to make up tlie difference in a smooth sea. 

The relative sBitubility of the paddle and the screw for particular 
purposes is a question that will be easily solved by those to whom it 
happens to present itself. 

The results of a few paddles wiU be found on Plate VI., reduced to 
uniform diameter (mean). 

15. — MKTH0D8 OF PROCEDURE. 

For the utilisation uf experimental data, the writer has found con- 
venient a slieet of logarithmically niled papcr,as explained in Transactions, 

Vol. IX. Scales reprcsentinfr diameter, revolutions, indicated horse-power, 
and speed are put down, as well as a irriidierit reducing speeds of one 
diiuiieter to eorrewponding speeds of iiiiy other diameter. 

A type of such ii tliiigntni is shown on Plate VI. Upon a piece of 
ir.ieiiig iiai-er ai-e [ilotteii out the trial curves or sjwts of indicated horsc- 
|iower and revolutions of actual serewa or jiaddles, the paper being moved 
into a position to eorrespond with the diutueter, and these data, corrected 
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if necessary, are at once ready for estimatino; the diameter, indicated 
horse-power, speed, or revolutions of a similar propelling instrument 
attached to a similar ship. 

The limits of speed and indicated horse-power obtainable wifcli a 
given propeller and ship are, if reached, generally recognised by the 
deflection of the power curve towards the speed gradient. 

16. — General Considerations. 

It will thus be seen that whatever be the fixed conditions influencing 
the quantities sought for — i.e., whether diameter, pitch-ratio, indicated 
horse-power, revolutions, speed, or any two of these be the unalterable 
factors in the problem — it will be apparent by this method, without 
calculation, whether a solution under these conditions is possible at all ; 
and, if it is possible, what the values of the other quantities are, 
provided that we have a sufficient variety of experiments or trial 
results to fall back upon. 

A few published examples are given as illustrations, and will serve to 
show the differences in performance of various types of ship and propeller 
upon the same diameter of propeller. A comparison of this nature was 
suggested by Mr. A. E. Jones in Engineering^ July 3rd, 1891. 

Apart from the regular effect of pitch-ratio, differences of slip and 
wake will account for the relative positions of some of the curves shown, 
while amount of surface, thickness of blades, or engine friction influences 
the performance of others. 

The actual data of the ships and propellers will be found in the 
United States Naval Reports ; Sir William White's papers in Trans. 
I,N.A,; Engineering, August 24th, 1891, and January 10th, 1890; 
Industries, January 20th, 1888 ; and Ths Mechanical World, November 
15th, 1890 ; also in Murray's Marine Engines, published by Messrs. 
Crosby Lockwood & Sons. 

One could hardly write on naval science of any sort without being 
indebted to the Frondes, and here the writer is obliged to Mr. R. E. Fronde 
for permission to use his valuable constants, from which a selection of 
results are shown on Plate V. 

In conclusion, it has not been intended in this short paper to deal 
with questions of analysis of motion, etc., for the discussion of which the 
enquirer must be referred to the authors already mentioned. 

All that has been desired is to lay stress upon the general usefulness 
of the law of comparison in propeller design, and to point out how the 
factors which tend to modify the operation of that law may be dealt with. 
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Beduotion of Mb. Thom's Form op Constants under 

Law of Comparison. 

Ca =xdisc area x ttto"' 
/. I.H.P. a disc area x V^ 

a D2 X V3 ; 

or at corresponding speeds, 

a D2 X (D*)3, 

a D^ 

Again Cr = revs, x ^» 

V 

or revs, a jt • 

Hence at corresponding speeds, 

Revs, a ^» 

1 
a — 

D4 

In screws of similar pitch-ratio the actual velocity of any portion of 
the surface through the water, neglecting slip, will be proportional to 

where N = revs, per unit time, 

p = pitch, 

d = diameter at point referred to. 

P 
But in similar propellers ^ = constant, so that the velocity will vary only as 

or as N d. 
Now this has to be made proportional to Jd^ so that we have 

N rf a Jd, 

or N a -~, 
d 

.-. N a ^ 



The three latter expressions may be taken as refering equally to paddles. 
It is evident that when the circumferential component, the axial com- 
ponent, and the slip are each proportional to ^/fl?, the resultant velocity 
is also proportional to Jd. 
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DISCUSSION. 
The Vice-Peesident said he was aure they mnst all feel gratified 
by the very able paper they had jiist hiiiird and tlie valuable information 
alToniud. He hoped tliey would have no difficulty in entering heartily 
into the discussion. Then; were two jwints he should like to refer to, 
jLiid which he did not find in the piipur. He thou>,'ht it would be 
luivuiitiigi'Oits to b:tre information relative to the application and 
efficiency of twin screws, piirticnlnrlj to liir<,'u cargo stwirners. ■ Again, he 
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thonght it very desirable to make every effort to increase the revolutions 
of the engines, bnt in doing so he was afraid it would be necessary to 
decrease the diameter of the propeller, as the periphery velocity was 
already as great as it could be judiciously run. Of course, if they could 
increase the revolutions with the same efficiency, they could decrease the 
weight and size of their engines. He made these suggestions in the hope 
some gentlemen during the discussion might be able to give valuable 
information. 

Tie Vice-President stated Mr. Young had received letters from 
Mr. Arthur Rigg and from Mr. Froude. He felt it would be their 
pleasure if he invited Mr. Young to read these letters to the meeting. 

Mr. Young said he would read the letters to the meeting, but as they 
were personal communications it must be understood that they were not 
intended to be published. (Letters read.) 

Mr. Thomas Mudd (Mayor of Hartlepool), who was invited to speak, 
said he was quite unprepared, if not totally incompetent, to discuss the 
paper. It was one that seemed to him that wanted taking home and 
studying carefully, and he did not feel at all able to offer any remarks 
upon the main subject of the paper. He did want, however, to add an 
expression of his feeling as to their indebtedness to Mr. Young in giving 
them this able paper. He had given them very able and excellent 
papers before, and this one was no exception, he thought, to the rule in 
point of ability, and they were all very much indebted to him for bringing 
it before the Institution. When one read the title of the paper on 
propellers one was reminded of feelings in days gone by. If they denied 
to him the claim of being still a young man, he should say he well 
remembered when he was a young man how he used to come to these 
papers on propellers with a greedy desire that at last he might find some 
golden rule by which at one stroke he could arrive at the best propeller 
for any given ship one had to deal with ; but from then till now he had 
been seeking that golden rule, and life seemed too short to go through 
all the calculations that various authorities recommended, so that one 
was still thrown back very much upon one's own experience. That 
did not, however, detract in any way from the general value of these 
scientific papers, and he would repeat that the Institution was much 
indebted to Mr. Young. 

Mr. W. 6. Spence said he merely rose to express his indebtedness to 
the author for his work in placing this paper before them. He thought 

VOL. Xn.-U96. ^ 
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t imposBible to discnss an abBtruee paper of this kind al 
To follow Mr. Young tlirough the by-patlia of his mathematical analTsia • 
was an exceedingly difficult matter, and lie thought, if they did not discon 
the paper, they might have eome general conversation on propellern. 
He was glad to see the title of the paper was "On the Application 
of the Law of Similarity to Marine Propellera." Personally, he had been 
getting very ilase about them, and beginning to think there was no 
similarity at all in marine propellers ; however, he lived in hope. As a 
role they had to deal with propellers from an actual practical point of 
view — tliat was from reports. They had not expcrimenal data, but actual 
data from ships, and that necessarily was so involved with other conditionB 
connected with the machinery and the ship, that the results — well, thej 
were not always aimilar, they might be mysterious, and he thongld 
Bometimes miraculous, but, at all events, they were hardly similar; in 
fact, what those reports suggested to him more than the similarity of 
propellers was that classical law of similarity in human nature which 
King David shadowed forth in his haetu ; indeed, had that putuu- 
tat« been accustomed to examine marine reports he might hav« 
made his remark more Icisun'ly. On the subject-matter of the paper 
he was not prepared to make any comments whatever, although, 
as he hail iwkl, tliL-y mii;ht liuvu sonif Kciicml i.:onviTSJition on iiroji-.'Ui're. 
The difficulty was to get any accurate data from shipe. It was only by 
experimeotal data, either tank or progressive load trial, that they could 
reach any conclusion ; they might by mathematical investigation, but he 
did not know. Judging from practical results, be would be very sceptical 
about it. He knew a case where a propeller had been fitted and tried, 
and it did very well for a couBiderable time, until one man undertook to 
improve matters by fitting his own improved propeller. This propeller 
was reported a distinct improvement, the speed being increased somettiing 
like half a knot, and the old propeller was consigned as spare to the 
'tween decks. These " improved results" continued for about two years, 
when another man coming on the scene proceeded to improve again by 
taking the original propeller from 'tween decks, fitting it into its old 
position, and being ignorant of its history, got another half -knot over the 
" improved results." He could tell dozens of stories of the same sort, but 
they were hardly distinctly connected with the paper. 

The Vice-President — The ship came out of dry dock new painted, 
I suppose ? 

Mr. Spekce— I don't know, but the propeller came out of the 
'tween decks. 
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Mr. Wm. Mbnzibs had no wish to criticise the paper, he was perfectly 
unable to do so ; but as an engineer, with some years* experience, he 
thonght he might tell them a few stories connected with propellers. 
When he was connected with manufacturing engineering they had three 
similar boats to engine, and for his own satisfaction and curiosity be 
■put a differently shaped propeller on each boat. There was one Griffith 
shaped, one a kind of boomerang, and another the ordinary propeller in 
vogue on the Tyne in those days. These propellers were all the same 
diameter and pitch and area, the boats all gave the same speed, but all 
failed in half a knot of the guaranteed speed. The shipbuilder dis- 
covering that the propellers were not the same, and that this was 
evidently an experiment, set himself to design a propeller which was to 
get the speed (10 knots). The ships were kept waiting till one of the 
propellers was ready, and on trial they got half a knot less speed with the 
improved propeller than with the original ones. The fact was the 
indicated horse-power was not in the ships to drive them to the speed. 
Another interesting story. The Chairman asked as to anyone's experi- 
ence with twin screws. He remembered one boat built on the Tyne 
which, on the morning of the trial trip broke an eccentric strap of one of the 
engines, and while someone was sent ashore for a new one, they ran the 
measured mile with one engine^ and attained a speed of 7 knots, to the 
great satisfaction of the owners, of whom there were a large number, 
for it was agreed if she went 7 knots with one engine, the two engines 
would drive her 14 knots. 

Mr. H. Macoll said they had a rather difficult piece of work before 
them, and the members seemed to be somewhat shy about dis- 
cussing the subject-matter of the paper. He was rather more so than 
the others, as the paper took the aspect of assimilating or predicating 
from the results of one set or series of known sets of propellers to 
another of different size, but he had little doubt the proposed formula 
would be of considerable advantage in designing propellers. The pro- 
peller, considered by itself, was a most invaluable factor in marine 
propulsion, and go where one liked they would find each manufacturing 
engineer (and a considerable number of people who were not manu- 
facturers) had his own particular propeller, which was considerably better 
than any other, and still with all their variations, taking them 
generally, it was astonishing to find how successful the modem 
propeller had been. He supposed it was in most cases the survival of 
the fittest, as if a propeller with a considerable amount of efficiency 
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was not produced by the engineer to propel the veseel, be would I 
likely soon find his occupation di^ttiug, and in these dttys of kc«ii-| 
oompctitiun even the propellor could not be orcrkioked. It bad I 
occ-urred to him from what he had observed that there was iDOch 
lefia pitting or wasting on the back of twiu screw blades tlian id 
dngle screws ; whether or uot this ui'os« from the stream being broken' 
by the projecting part of the keel and upper part of the aperture, and ths 
partial vacuum at the after side of the fore post admitting the air to tJie 
propeller blades, ho was not prepared to say. He rememlwred a vesael 
going to seu laden bumpiog on the bottom crossing the bar. Some-, 
where in the Mediterranean it was observed that 3 or 4 feet of the 
keel portion of the stern frame was gone. On the vessel's retm'n the 
stem frame was removed for repairs, and as the propeller was 
damaged a new one was supplied, but there was no pitting obsurvod 
on the blades. A few months after the vessel was again docked 
for repairs, and the propeller bhtdes were very mucU pitted. The 
modem fashion of slopii^ the propeller blades aft at the tips was 
understood to assist the propulsive efficiency in going ahead, whi<^ 
of course was the primary funt'tion of the propeller, but there was a 
pretty large oonsensns of opinion that this arrangement did not by any 
means increase tJio eflect in going astern. A shipowner on the cast 
ooast of Scotland tried the experiment of diminishing the pitch of a 
propeller from the boss towards the ti[)8 of tiie blades, and strange to say 
the rcsnit was about e^ual to the ordinary style of increasing the pitch 
from the boss outwards. It was further stated that the propeller gave 
better resnlts going astern than the ordinary style. They heard a good 
deal about stream Unee, and drawings were shown how nicely and grace- 
fully the water parted at or before the bow and closed at the stern, or 
aft of it : the general assumption, be took it, being those stream lines 
were more or less in a horizontal direction, or like ordinary water-lines. 
He considered the line of disturbed water was more in a diagonal 
direction, following more the line of the ribbands than water lines. 
The stream lines, as usoally dealt with, did not accord with the diatnrb- 
ances, such as diverging brow waves, and the actual direction of the 
replacement wave had, in his opinion, a good deal to do with some of 
the imexplained phenomena of the propeller. Mr. Bigg's experiments to 
ascertain not only the lines of pressure or direction of the water leaving 
the propeller, but also the direction of the water approaching the pro- 
jieller, seemed to him to open out a field which promised, with carefully 
couduct^ expurimeute, to give some very useful data, as so far as he was 



DISCUSSION— MARINE PROPELLERS. 49 

aware the experiments had only been carried out on small vessels ; and 
with reference to the experiments with 2 inch propellers, he submitted 
the size was much too small, and so much out of proportion to actual 
propellers as to be of little practical use. Instead of these microscopic 
trials, what was wanted was experiments on actual vessels with dififerent 
propellers. With regard to the shrinkage of the drawings, he would 
suggest putting on each of them a scale, say 12 inches long, and then it 
would be a very easy matter to allow for any contraction or expansion 
that might occur to the papers on which the sketches were engraved. 

The Vice-President said he would suggest to Mr. Young and other 
members interested in propellers if they visited that great port of Cardiff 
and examined its noted ** scrap heaps," they would find numbers of 
scientific propellers which had been designed with a certainty of 
increasing the speed and reducing the consumption, and wonderful reports 
were given as to results of first voyages, but somehow or other, as these 
steamers gravitated to Cardiff and dry-docked, the majority of these 
propellers found their way to the scrap heap and passed into oblivion. 

Mr. G. Weir said he felt very much like other gentlemen present : 
that before one could discuss a paper like this they would have to take it 
home and study it for about a month ; get all the information regarding 
propellers of which they had the trial data, and cut them down in the 
same way as had been done in the paper, and before saying anything 
either for or against Mr. Young's method, he would like to know how 
these results came out in the way Mr. Young had explained them. 

The Vice-President explained it was the usual practice for the 
discussion of a paper to be continued at the following meeting, after 
which the writer of the paper had the privilege of replying. As there were 
many gentlemen present that night who might not be present at the next 
meeting, and there had been one or two questions raised, he thought 
they might ask Mr. Young if he would like to make any remarks, 
reserving to him the right of final reply at a future meeting. 

Mr. Young then briefly replied. 

The Vice-President said he felt sure he was expressing the feeling 
of the meeting in thanking Mr. Young for his very able and interesting 
paper. He hoped by the next meeting members would have time to 
read and study the paper, and thus enter fully into the discussion. 
There was one point he should like to refer to, and that was relative 
to the question raised by Mr. Macoll as to the corrosion of the tips of 
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propellet blades. It appeared to him, it waa probable, the cause was doc 
to the BDgle at the tip of the blades not being con-ect. An 18 feet 
diameter propeller at 60 revolutions would have a periphery speed of, say, 
3,300 feet per minute. Therefore, if at this greatspeed tips of bladisa were 
not correct in the angle, a partial vacuum would be formed behind, and aa 
all water contained air, the air would be given off into the vacnnm, and 
oxygen absorbed by the damp iron, with the resulting corrosion. 
He now declared the discofflion on Mr, Young's paper adjourned till the 
next meeting. 



The ViCE-pRBSiDBNT Said it would be within the recollectioa 
of the membera that some short time ago they had had a very able 
paper by Mr. Balnea on "The Metric SyBtem," and that oertain resolations 
were passed by the Institution. The subject was one of great importanoe, 
and full of interest to all professional gentlemen. He understood Mr. 
Baines had important information which he desired to lay before the 
meeting. He felt sure he should be carrying out the wiEhes of the 
meeting by inviting Mr. Baines to address them. 
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THE INSTITUTION AND THE METRIC SYSTEM. 

REPORT BY MR. G. H. BAINES. 

Mr. G. H: Baines (West Hartlepool) said the Vice-President had 
asked him to contribute to the discussion on Mr. Young's paper. He 
saidy for obvious reasons, that was quite out of the question ; but if the 
discussion was terminated at an earlier hour than usual, he would like the 
opportunity of once more referring to the subject which he had the hon- 
our of bringing before them in the spring. The Institution had at the 
Closing Business Meeting of last session passed unanimously a resolution 
recommending the adoption of the metric system of weights and measures 
in this country. The resolution was sent to the Select Committee of the 
House of Commons, through Sir Henry Roscoe, chairman of that com- 
mittee. The late election caused the proceedings before that committee to 
be shortened very considerably, but there was time, he was thankful to 
say, to wind up the evidence in a sufficiently satisfactory report, which was 
presented to the House of Commons before it was dissolved. The report 
had been published, and the evidence had also been published in a blue 
book. He had had the pleasure of sending a copy to Mr. Duckitt for the 
library of the Institution in Newcastle. Anyone, either on the scientific 
or commercial side of their business, could have no more interesting reading 
than was to be got from that report. The evidence was given by about 
twenty witnesses, representing many different interests, (1) official, (2) 
commercial, (3) manufacturers, (4) trade, (5) educational, (6) professional. 
They were practically unanimous in favour of the change. Of the 
engineers examined, Mr. Alex. Siemens, Mr. Emerson Dowson, Capt. 
Sankey, and Sir Benjamin Baker were unanimous in its favour, and Sir 
Frederick Bramwell was the only one whose evidence was against the com- 
pulsory adoption of the change in this country, though he advocated that 
both systems be allowed to run side by side. His opposition arose 
chiefly from his own marvellous intellect which could take short cuts in 
the treatment of the complicated figures and calculations of our present 
methods, but such treatment would be available only to the few, though 
he seemed to suggest that people could be educated up to his standard. 
Sir Benjamin Baker, the architect of the Forth Bridge, immediately 
followed, and differed in the most decided manner from his friend. On 
the final day Lord Kelvin attended, and in a most emphatic manner bore 
testimony that the present was a "brain-weakening and time-wasting 
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system that ought to be abolished." Mr. J. C. Stevenson, chairman of 
the Tyne Improvement Commissioners, a chemical manufacturer, and 
connected with shipping, was the only member who took the opposing 
view. He cross-examined the witnesses with great skill, and he (the 
speaker) thought they should be grateful to their neighbour for having 
elicited all that could be said against the metric system, and yet 
that the evidence of those in favour had been so little shaken. Mr. 
Stevenson held that the British system, in which the gallon repre- 
sented 10 lbs. of water, and the foot 12 inches, was the best system for 
English-speaking people ; and all that this nation needed was to retain 
these three factors — pound, gallon, and feet. For multiples or fractions 
of them we should go upon the decimal system. The Committee, with 
the exception of Mr. Stevenson, agreed to report that it was desirable the 
metric system should immediately be lej^alised in this country for all 
purposes, and that its use should become compulsory after two years. It 
was also recommended that the Education Department and all educational 
institutions should teach the metric system, and especially that decimal 
fractions should be taught earlier in school life. This report had been 
presented to the House of Commons. In no country where the metric 
system had been introduced had they proposed to go back to the more 
complicated system. It was, however, one thing to get an expert com- 
mittee to a<i;ree to something, and another thing to get an Act passed ; but 
the Associated Cliainl)ers of Commerce were taking up the matter, and 
the First Lord of the Treasury (Mr. Balfour) had consented to receive a 
deputation on the (juestion, with a view to the recommendation being 
carried out. On that deimtation their President (Aid. Richardson, M.P.) 
and he (Mr. Biiines) were goiuic to attend. He hoped that in their 
individual oi)portunities and in their business, members would take pains 
to use and forward the use of the metric system. 

The Vick-Pkksidknt, on behalf of the meeting, thanked Mr. Baines 
for the interesting information given, and said he felt sure they all 
desire<l the metric system to come into use. 

The meetini: then dissolved. 
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NORTH-EAST COAST INSTITUTION OF ENGINEERS 

AND SHIPBUILDERS. 



Twelfth Session, 1895-96. 



PROCEEDINGS. 



THIRD GENERAL MEETING OF THE SESSION, HELD IN THE 
LECTURE HALL OF THE SUBSCRIPTION LITERARY SOCIETY, 
SUNDERLAND, ON TUESDAY EVENING, DECEMBER 17th, 1895. 



W. THEODORE DOXFORD, Esq., M.P., Past-Pbbsidbnt, in the Chaib. 



Thb Secretary read the minutes of the last General Meeting, held at 
West Hartlepool, on 16th November, 1895, which were approved by the 
members present and signed by the Past-President. 

The ballot for new members having been taken, the Past-President 
appointed Messrs. J. M. Allan and W. Hok to examine the voting 
papers, and the following gentlemen were declared elected : — 

MEMBERS. 
Coletti, Silvio, Ship Draughtsman, 83, Park Road, Newcastle-on-Tyne. 
Dalrytnple, William, Jun., Engineer Draughtsman, 14, Vicarage Terrace, 

Sanderland. 
Lewins, Frank, Engineer, Rosehill, Willington Quay-on-Tyne. 
Payne, Henry Femie, Superintendent Engineer, c/o Messrs. Henry Fernie & Sons, 

Romford Street, Liverpool 
Turpie, David Whyte, Ship Draughtsman, c/o Messrs. W. Pickersgill & Sons, 

Southwick, Sunderland. 

GRADUATE TO MEMBER. 
Balmer, Frederick Charles, Engineer, 2, Graingerville North, Newcastle-on-Tyne. 

ASSOCIATE. 
Morton, Benjamin, Trinity House Superintendent, 29, Azalea Terrace North, 
Sunderland. 
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PBOCBBDIFOa. 

GBADUATES. 
ClMpiMii, John Frederick, ApprentiM Rleotrickl Engiiuer, 7, DevmuUre naet, 

J««moad, SemtaOa-va-Tjat. 
Codkaaa, John Annable, Engineer DnnghUman, 2, St. EdmnDd'a Bead, 

QBtediMd-on-l^ne. 
Laingi BiTmn, Shipbuilder, Tbomhill, Sanderland. 
Stiwrt, Jdin, Bngiaeer Apprentice, S7, Heaton hrk Boad, Neweutle-on-l^ncb 



The PAar-PBEBiDEBi; said he very mnch n^retted to Bay that the 
President (Mr. Bich&rdBon) was not able to be piysent that night. He 
r^ntted it all the more in that the two papen opon wbidL diaoQasioiu 
were expected to take jdace, as well as the paper to be read that night, 
were porel; engioeering papers. Had Hr. RiohardBon been pcesent he 
wonld, no donbt, have been able to eay something npon the snbjeot. 
TJnfortiiDatel;, he should have to be a silent listener to what took place. 

There being no furUier remarks ofFeied on Hr. W. 0nw8*B psfier, tin 
disonsBlon ms farther adjonmed. 



The discnssion on Mr. J. Denholm Yoang's paper "On the Applica- 
tion of the Law of Similarity to Marine PropelleiB " was resnmed and 
closed. 

Mr. J. M. Allan read a paper on "An Investigation into the Forces 
Tending to Produce Vibration in High Speed Engines." 
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ADJOURNED DISCUSSION ON MR. DENHOLM YOUNG'S 
PAPER "ON THE APPLICATION OF THE LAW OF 
SIMILARITY TO MARINE PROPELLERS." 

The following communication on Mr. Young's paper was submitted by 
the Secretary (Mr. Duckitt) : — 

Dear Mr. Duckitt, 

I think Mr. Young's paper is one of great interest. He has explained 
in a very clear way the important laws which connect the perfonnance of 
a propeller under one set of conditions with those of a similar propeller 
of different dimensions under another set of conditions. Some of his 
remarks are well worthy of note. For example, he says : " In taking data 
from graduated trials at points below full speed for adaptation to full 
speed of another steamer a small allowance may be necessary, on account 
of the disproportionate friction of the two engines at corresponding 
powers," and the table of factors, which he gives for transforming the 
indicated horse-power at reduced speed to what it would be if the cylinder 
volume instead of the pressure were reduced, should prove very useful. I 
would add a caution of my own for the benefit of those employed in 
making progressive trials of vessels. Be careful that the engines have 
been running for some little time at the desired speed before you go upon 
the measured mile, so that the cylinders may have had time to acquire 
the temperature due to the mean steam pressure. It may happen that 
the vessel proceeds to the trial ground at say half power, and then if the 
engines are eased down for a slow speed run, and the mile is entered upon 
immediately, the power and revolutions will fall gradually through the 
whole run, due to the cooling of the cylinders ; and unless the indicator 
cards happen to be taken at a moment when a fair average power is being 
developed — which is very unlikely — misleading results will be obtained. 
In the same way as the power is increased at each new series it will be 
found that unless time is given to allow the cylinder to heat the power 
and revolutions will rise while upon the knot. Mr. Young's remark also 
as to the greater relative loss of efficiency suffered by small propellers as 
compared with large ones when air is taken down is important. 

Until quite recently these laws of similarity were assumed to be capable 
of extension to all speeds and powers, but the trials of the " Daring " last 
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year showed that at a certain point the laws of similarity broke down 

completely. A limit is set to the amount of thmst obtainable per unit of 

screw surface, by the fact that the only force available for causing the 

water to follow up the screw surface is gravity, which is an unalterable 

quantity. At a given distance below the surface the speed at which 

water will flow is definite, and depends upon the weight of the column 

above it. Part of the thrust of a screw is obtained by forcing water 

astern with the after face of the blades, and part by drawing water in the 

same direction with the forward face. It is this latter part of the whole 

thrust which depends upon the possibility of the water flowing after the 

screw with sufficient rapidity. As, for a given pitch-ratio and slip, the 

thrust of a screw per unit of area varies as the square of the speed, it 

follows that a point may be reached, and in fact was reached in the 

" Daring," when the thrust per unit of area demanded from the screw is 

greater than can be efficiently obtained, and it then becomes necessary to 

increase the ratio of blade surface to disc area in order to keep the thrust 

per unit of surface within the required limits. Model experiments in 

this case fail completely as a guide, and it is not, so far as I can at present 

see, possible to i*eproduce in a model the conditions under which the laws 

break down. 

Yours faithfully, 

Sydney W. Barnaby. 



MR. YOUNG'S REPLY. 

Mr. J. Denholm Young, in roi)ly, Raid he luul to thank Mr. T. Mudd 
(Mayor of llartlei)ool), Mr. J. R. Fotherfrill, Past-President, and the 
other speakers for their kindly rewption of his paper. 

The (|uestion referred to bv Mr. Fot]ier<]:ill, of twin screws for lai^e 
Ciir^ifo steamers, was one which it would be diflicult to jrive a "general answer 
to, dependiii<r, as it did, so much upon i)articular conditions, especially 
dnui<rht and speed. The additional safety was of coui*se obvious, while 
experience with twin screws seemed to have proved that on ample draufrht 
thev were at least as eHicient as sinirle screws, while on limited drauirht thev 
nii«rht l)e more so. In dealin*:: witli carjxo boats, however, other consider- 
ations than that of ]>ro])eller eflicieney wonld trcnerallv decide the case. 

He was sorry for Mr. S|>ence's desjKiir about L^cttinir reliable data. It 
was often a reiil difficulty, no doubt, but still, trustworthy results were fre- 
(juently obtainable, and could be of ^rrcat servi<'c if carefully analysed and 
coni])are<l. 
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Mr. Maooll had stated that he observed less pitting on the back of the 
blades of twin screws than single screws. If this were a general rule it 
might be accounted for by the twin screws being better immersed than the 
single ones, and also by their being away from the line of air-bubbles which 
followed the stem post even at a considerable depth. 

Mr. S. W. Barnaby's caution about conducting progressive trials would 
be greatly valued by the members, and he hoped it would not be the last 
time that Mr. Bamaby would give this Institution the benefit of his 
experience. 

Mr. R. E. Fronde, in the course of correspondence, had also laid 
emphasis upon the extreme point at which the law of similarity broke 
down, touched upon in paragraph 4 of the present paper. Mr. Fronde 
pointed out that when " cavitation," as he had named it, behind the blades 
took place, thereby causing a break in the continuity of the law, it would 

T 

do so, for conditions under which ^-= = constant, at a certain absolute 

value of V, independent of the size of ship, etc. 

The general consequences of the remarks immediately foregoing were 
these : that at extreme thrusts there was a danger in interpreting the 
results of a larger propeller to predict the performance of a smaller one ; 
while on the other hand the " top " results of a smaller propeller could 
safely be taken as being comparatively below the breakdown point of a 
larger one proportionately immersed. 

These occurrences, however, formed the exceptions, not the rule ; and 
for a wide range of speeds and sizes, the law of comparison could be 
applied with confidence by the designer ; if the maximum thrust obtain- 
able from each model were noted, a *' bounding curve" of great use could 
be obtained. 

The writer had used this system for some years, and found it handy in 
drawing-oflBce practice and for rapidly estimating the revolutions, etc., of 
proposed engines for vessels of given draught. 

As a matter of fact, the law of similarity was more accurately fulfilled 
in the case of propellers than with ships, on account of the much smaller 
amount of skin resistance involved, such a small amount that it could in 
general be merged into the rest of the indicated horse-power. 

It was of course not necessary to make use of the logarithmic method 
explained in the paper. A series of curves representing indicated horse- 
power and revolutions for different diameters at graduated speeds, as in 
the " Inglis " diagram for ships, might be preferred by many ; but for 
comparing results, and for rapid estimation, a diagram similar to that 
given with this paper, and say double the size, would be easily made. 



A beai^ vote of tiumla wm 
bq Daefal and inatniotiTfl yafoe. 
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AN INVESTIGATION INTO THE FORCES TENDING TO 
PRODUCE VIBRATION IN HIGH SPEED ENGINES. 



By J. M. ALLAN. 



[Read bbforb thb Ikstitutiok ik Suitdbbland, on Dbcbmbbb 17th, 1895.] 



At the present moment the question of the vibration produced by 
the propelling engiues on board ship is receiving a very great amount of 
attention, and, in the hope that the subject may prove of interest to the 
members of this Institution, the writer begs to offer his views as to how 
the forces producing vibration should be computed. 

The object of this paper is to examine the various forces acting on 
the crank shaft, to separate and group them so that the thrust or pull on 
the bearings may, for any position of crank, be known. Afterwards to 
spUt them and apply all the forces at their various positions along the 
shaft, and so determine the rocking or other effect produced by them. 

To deal thoroughly with the matter it is desirable to consider, Ist, the 
effect of inertia alone, on the supposition that the engine is being driven by 
some external means, say, by a belt ; 2nd, to modify the result so obtained 
to meet ordinary working conditions, where the steam used in the 
cylinders is the motive power. 

Having got these results, the effect of fitting rotary balance weights 
directly opposite the crank is next considered, so as to enable a definite 
statement to be made regarding the benefit to be derived by fitting them. 

In speaking of balance weights it must be distinctly undei*stood that 
what is here said is not to be interpreted as advocating the placing of 
weights directly opposite the crank as being the best system for balancing 
an engine. It is only a compromise, and all that is now intended is to 
show the effect produced by such an arrangement. The case selected 
for consideration is that of H.M. torpedo destroyer, "Sunfish," and 
through the kindness of Mr. F. C. Marshall the writer is permitted to 
put the results before this Institution. 

The number of diagrams is large, but to reduce them would be to 
render the steps taken in their construction less clear, and although the 
description of them is rather lengthy it is not difBcult. 
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Before describing them it might be advisable to remark that these 
engines are of the lightest possible description, and that the bearing- 
frame longitudinally depends for its stiffness on the fore and aft girders, 
which are built in the ship. 

Description of Diagrams. 

Conditions. — (a) Inertia only, without and with revolving balance 

weights, and including both reciprocating and 
rotary parts, the motive power being applied to the 
crank shaft by some means externally, i.e., not by 
the engine itself. 
{h) Inertia as in («), but combined with the steam, which 
is the motive power, «>., usual working conditions. 
(c) The steam pressures used are those indicated at sea 
by the engines when running 350 revolutions 
without balance weights. 
Reciprocathig Parts. — These are piston, piston rod, and half connecting 
rod, slide valve, slide rod, link block, ahead eccentric rod, and half of radios 
and drag links, and air pump piston and rod. 

Rotary Parts, — Crank pin and webs, half connecting rod, and balance 
weights, the balance weights being placed directly opposite the cranks. 

Weiyhls.-^ u^ l^„ lh.. 

Piston, piston nxl. jiiul half contieotinj^ rod 427 ... 502 ... 636 
Slide valve, slide rod. link block, ahead eccentric 

rod. and half of radins and draj? links ... 265 ... 312 ... 447 

Crank pin and webs and half connecting rod ... 295 ... 296 ... 295 

Balance weights ... ... ... ... ... 430 ... 496 ... 683 

Air pump and rod and crank pin = 148 lbs. For disposition of weights 
on shaft see Fig. 1 (Plato VI II.). 

Dimensions. — 

Cylinders, 18j, 28, 42 by 18 inches stroke. 

Connectinjj: rod, 86 inch centres.*, ' ' , = i. 

conn, rod * 

Slide valves, 5 inch travel. 

OT 1 1 .1 1 • 1 i . ^'ce. crank 1 

iSlule rods, 84 ineli centres .. . — = . 

ece. rod 13*6 

Air imnip, TJ inches (lianieter = 8 J iiu?li stroke. 

. . 1 li.i • 1 . . *^ii' pnnii) crank 1 

Air punii) rod, 10.1 incli centres .'. ^ \ - = — . 

^ ^ ^ rod 5-47 

All the forces on the diairranis are drawn to a scale of ^ inch to the ton. 
1'he rocking moments are drawn Lo a scale of ,j\ inch to the foot-ton. 
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Condition A. Without Balance Weights. 

The reciprocating parts move in a straight line, and are actuated by 
the crank through the connecting rod. Assuming the crank velocity 
uniform, and crank at one of the dead points, the reciprocating masses 
act with full centrifugal force upon the bearings, but at any intermediate 
position their effect on the bearings is less than at the dead points, and 
at the instant when the piston attains its maximum velocity, i,e,, when 
the connecting rod is tangent to the crank circle, do not exert any 
pressure at all on the bearings, because they at that instant are being 
neither accelerated or retarded. 

The power required to accelerate or retard these masses at any point 
of the stroke is shown by Fig. 2 (Plate VIII.). This is the usual 
acceleration diagram. 

A B = stroke of piston. 
A C = power to start masses at top. 
B D = power to start masses at bottom. 
E indicates point of maximum velocity. 

A C and B D are calculated by the formulae for centrifugal force, viz., 

•00034 X revolutions^ x weight x radius of crank in feet, and allow- 

crank 

ance for ratio j has been made. The point E may be calculated 

conn, rod ^ "^ 

or found graphically. Then the curve drawn through these points 
represents the power necessary to be applied to the piston to accelerate or 
retard the reciprocating masses at any position. 

To find what effort is required at the crank to produce the necessary 
power at the piston Fig. 3 (Plate VIII.) has been constructed. The 
crank circle is divided in 12 parts, and with the radius of connecting rod 
the corresponding positions of piston are found and marked on Fig. 2. 
Then the radial force on the bearing at points 1 and 7 is that shown at 
A C and B D in Fig. 2, but at the intermediate positions the forces 
indicated are those shown on Fig. 2 transmitted through the connecting 
rod at its various angles. Thus at point 3 the force shown is a com- 
ponent part of the total force applied to the connecting rod, the other 
part of which is expended in turning effort. Fig. 4 (Plate VIII.) 
gives the construction : — 

F B = pull at piston. 

A B and H K = pull through connecting rod. 

H J = radial pull at bearing. 

J K = turning effort. 



n 
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The oentrifngBl fon» doe to tiie rotary i alculaied, 

Tiz., onnk pin and webs aod half conseouug mu. luw force is 
oonBtant, and acta ndially throngfaont tlie ler^dntion. Add ttis lo each 
force in Fig. 8, and the total radial foioe d i to redpiocatii^ nud rot«i7 
weights for any poaidon of crank will repceaented by tht dotted 



The valve gear is treated in exactly the mne way tar the mdprocating 
parta, bat tiie rotary effect of the eooentrio haa been nq^leou.'d. The 
militia given by F^ 6 and 6 (Plate Till.). 

The forces indicated round the shaft it will be obiemd an M radiaL , 
What, however, is reqoited to be known ue the foicu acting vnuoaUjr 
1^J}^ horizontally, and which piodnoe rodkiog momenti at ths dialta 
These vertical and horisontal forces may be read off Fig. 8 (Plate TtlLX 
th^ are in faot the component part of the forces there indicated. 

Aa they act at different positions on the length td the abaft, and vary 
in magnitude with every position oociqued by the crank daring its revolo- 
tioD, it is convenient to apidy t^em all to a stru^ line base. TliBi 
Figs. 7 and 7a (Plate YllL) resalt from treatii^ Fig. i (Plate Tm.) 
in this fashion, and F^;. 8 (Plate IX.) oombines diagrama (or H., I^ 
and L.P. for oorreqwnding poutiona of erank. Fig. 9 (Plat* IX.) 
shows the v^ve gear and air pomp diagrams txeated in naotly tiM 
same way, and Fig. 10 (Plate IX.) combinee the whole of the valve 
gear with that of air pump for uorreaponding positione of crank. 

From the combination diagramB (Figs. 8 and 10), the forces acting at 
any ineiaiit in either vertical or horizontal directiong may be at once 
read off. These are then applied to the shaft at the proper fore and aft 
position and placed eitlier above or below the datum line according to 
the sense in which they are indicated in Figs. Ij and 10. 

Fig. 11 (Plate IX.) Bhows the application for one position of the 
crank, and it is neceeeary to repeat it for every other selected. By thia 
construction all the forces actiug at each side of the datum Une are 
summed, and the centre of gravity of them is the centre roond which 
the rocking forces act. 

Fig. 12 (Plate X.) ia the resalt of all such applications daring a 
complete revolution in a vertical direction. The rocking moment at 
each position, together with the forces producing it, being shown. 
Fig. 12(1 (Plate X.) is a similar diagram fur horizontal forces. 

Fig. 1^ (Plate X.) is a fore and aft view of the shaft on which 
the varying positions of axes of rocking moments may be clearly traced 
during the revolution. The irrcgukr polygonul figures indicate the 
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moments themselves and also the direction in which their centres pass 
along the shaft. 

The complete results of these diagrams, representing Condition A 
without balance weights, are summarised below : — 

Fooi-ToDS. 
Mean rocking moment = 16*48 vertically. 



»» >» »» 



= 11*6 horizontally. 

Moments vary between 29*5 and 3*3 vertically. 

„ „ ,, 20 and 1*3 horizontally. 

Tons. 
Mean of forces producing moments ... » 18*55 vertically. 

„ n „ „ ... = 12*9 horizontally. 

Forces vary between 27*5 and 12*15 vertically. 

„ „ „ 21*15 and 8*4 horizontally. 

Condition A. With Balance Weights. 

The effect of fitting the rotary balance weights is very easily seen. 
The speed of crank being constant, the centrifugal poll of these weights 
on the shaft is constant and always radial. 

T^ake Fig. 3 (Plate VIII.) and draw a circle round it, representing 
the centrifugal force of the balance weight. From the forces there 
shown subtract or add that due to the balance weight and Fig. 14 
(Plate XI.) will result. These are then drawn to a straight line base 
(Fig. 15, Plate XL), and combined as in- Fig. 16 (Plate XL). The 
whole process is then repeated exactly as already described in the former 
case, and Figs. 17, 17a, and 18 (Plate XII.) give the result. The 
feature to be observed in this case is, that at one position the horizontal 
rocking moments disappear, and the whole of the forces at that instant act 
together at one side of the shaft and tend to move it bodily aside. This 
action of course breaks up the regular rocking motion and will be felt in 
the engine room, nevertheless the mere fact of introducing an irregularity 
may reduce the horizontal movement at the ends of the vessel. The 
summary for this condition being : — 

Foot-Tona. 
Mean rocking moment — 3*47 vertically. 

It )» n = 1*9 horizontally. 

Moments vary between 7*55 and 1*0 vertically. 

„ n »* • 6*0 and horizontally. 

Tons. 
Mean of forces producing moments ... » 6*62 vertically. 

M » »» >» ••• = 3*9 horizontally. 

Forces vary between 14*8 and 0*7 vertically. 

>t M n ... ... ... 12*35 and horizontally. 

Horizontal resultant force » 7*25 
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Comparing results " without " and " with " balance weights, we find 
the fitting of the weights : — 

Percent 
Reduces mean rocking moments 79*0 vertically. 

,1 83*6 borizontallj. 

variation of moments 75'0 vertically. 

,> *i » ... ... ... 68*0 horizontally. 

mean of forces producing moments ... 64)'4 vertically. 

69'7 horizontally, 
variation of forces 8' 15 vertically. 



»> >» »> 



>» ?> »» It >» 

»> 

»i » *> 



3*14 horizontally. 



Produces a horizontal resultant of 7^ tons. 

Condition B. Without Balance Weights. 

In this case (the usual working condition) steam is the motive power, 
and the steam pressures used are those recorded at sea when running at 
850 revolutions. The indicator cards (Fig. 19, Plate XIII.) have been 
so corrected as to obtain the exact back pressure line, and a scale has been 
added by which the load, in tons, on the piston may be at once read off. 
These loads are trcinsmitted from the cylinder covers, top and bottom, 
through the columns to the bed-plate, and tend to lower or raise it and 
the shaft, according as to whether the steam is below or above the 
piston. The load on the piston, however, is not so expended, as part of 
it is occupied in turning effort, the remaining jwrtion only tending to 
lower or riiise the shaft. Fig. 20 (Plate Xlll.) represents this direct 
pressure. Thus the load on piston has l)eeu transmitted through the 
connecting rod and resolved into its component parts, and that shown is 
the nidial one. 

The load (from Fig. TJ) on framing throughout the revolution is 
shown by Fig. 21 (Plate XIIL), which also represents Fig. 20 on a 
stniight line base. The load on framing depends on the initial and 
back j)ressares, and is modified by points of cut-off and compression. 
This is clearly shown on the diagram, and the resultant obtained by 
subtnictiiig the load on the piston from that on the framing gives the 
vertical force on the shaft due to steam pressure acting on framing and 
on piston. Fiir. 22 (PlaU^ Xlll.) represents the horizontal forties due 
to steam pressure from Fig. 2o. We now have the effect of the steam 
pressure, and we already know the effect of the inertia alone (see Fig. 7, 
Plate VI II.) ; lIuTcfore, by combining Fiir. 7 and the resultant of Fig. 21 
(Plate Xlll.) we have the elleet of steam and inertia together, and this 
is shown by Figs. 2;5 and 2:>^/ (Plate XIV.). By combining these for 
corresponding positions of crunk, the forces acting at any insUint in 
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either a vertical or horizontal direction may be at once read off (see Figs. 
24 and 24«, Plate XIV.). These forces, together with those of the valve 
gear and air pump, are then applied to the shaft at the proper fore and 
aft position, and the moments produced by them determined in exactly 
the same way as already described under Condition A. Figs. 25 and 
25a (Plate XV.) are the result for a complete revolution, and give the 
rocking moment at any position, together with the forces producing it. 

Fig. 26 (Plate XV.) shows the axes of rocking moments. The 
irr^ular polygonal figure indicates the moments and also their path 
along the shaft. 

The complete results for Condition B, without balance weights, sum- 
marised is : — 

Foot-Tons. 
Mean rocking moment =25*2 vertically. 



» »» »« 



20*5 horizontally. 



Moments vary between 42*6 and 1*5 vertically. 



»» >» »> 



88 and 6*25 horizontally. 



Tons. 
Mean of forces producing moments ... — 29*75 verticaUy. 

„ „ „ „ ... = 21*96 horizontally. 

Forces vary between 39*6 and 20*7 vertically. 



» »» >» 



34*0 and 12*7 horizontally. 

Condition B. With Balance Weights. 

To meet this case it is only necessary to combine the diagrams 
showing steam effect with those obtained for inertia with balance weights, 
f>., combine Figs. 15 (Plate XL), 21 and 22 (Plate XIII.), and Figs. 27 
and 27a (Plate XVI.) show the result. The combination of these for 
corresponding positions of crank is shown by Figs. 28 and 2Sa (Plate 
XVI.). The curves for rocking moments are indicated on Figs. 29, 29flr, 
and 30 (Plate XVII.). 

N.B. — The horizontal resultant mentioned in connection with Fig. 
17a repeats itself in this case. 

Summary for this condition is : — 

Foot-Tou8. 

Mean rocking moment = 14*1 vertically. 

„ „ „ =3-6 horizontally. 

Moments vary between 25*75 and 1*5 vertically. 

„ „ „ 13*5 and horizontally. 

Tons. 
Mean of forces producing moments ... = 20*64 vertically. 



»> >» »» »> 



= 6*8 horizontally. 

Forces vary between 28'7 and 10* vertically. 

„ „ ., ...' 18*25 and horizontally. 

Horizontal resultant force = 10*9 
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0(»iqKiTiiig nsolliB of iteam "vJthoid" and atewa "widi" !)& 
wa^btB, we ind fitting tlie vei^ils : — 

MO TC>tl«aj. 

~. SS-fi IwritiiMtaQr- 

momoiti 41-0 nrOmHif. 

E7-S liwlMtolij 

of foreet ptodadng nMMMttU ... SM nMeJIj. 




rarlatiaa cf foTMi MS n 

„ „ „ IM ha^BBUHj. 

ProdnoM a horizontal imiltatit ol 10*9 tons. 

Then enginee were tried at mooringH, under steaia, with and wSh- 
ont the balance waightB. The greatest Tertical meaanranent taken at 
the rtem of Teswl, witltont the balance weighte, was aetoaOj lednoed tj 
sbont 60 pn cent, when the weights were on. The pcopdier diafti 
were diaoonnected daring flteee triale.- 

In oonolnaion, the writer deeiree to tender hie beet thanks to hii 
friend Ur. R. B. Amutrong for his aasistanoe and for the great ikOl and 
oare he has exemiBed in the oonatmotion of the diagrama. 



DISCUSSION. 

The ?a8T-Prrbidbnt eaid those who underBtood this subject woold 
Rgiee with him that the amount of lebberpresa and the time taken to read 
the imper bore 7ery little comparison with the amoont of time that must 
have been taken io preparing it. The Bcientific knowledge, perseverance, 
and labour neccseary for sacb a paper coald only be realised by thoae who 
had prepared it. Before opening the discuBsion, Mr. Duckitt had some 
letters on the subject from gentlemen not able to be present. 

Tlie Secretary (Mr, Duckitt) read the following couimanications : — 
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Wbstminsteb Chambers, 

9, Victoria Street, S.W. 
Dear Mr. Duckitt, 

In re Mr. J. M. Allan's interesting and opportune paper, I venture to 

suggest its value might possibly be increased if he would consider and 

embody the forces tending to produce vibration due to the presumably 

unbalanced piston rod crossheads. Lack of time and data prevent my 

" stating a case," but the annexed sketch illustrates the force aforesaid. 

Youre feithfuUy, 

W. Crawford. 




"tXH^ 






*" M being the mass necessary 
to make X = O. 



CENTRE OF 
ORAViTY OF 
CR08SHEA0. 



Bureau Veritas, 156, Fenchuhch Street, 

London, E.C, 

December 16/A, 1895. 
Dear Mr. Duckitt, 

I am sure that the North-East Coast Institution of Engineers is much 

indebted to Mr. Allan for his interesting paper on the forces tending to 

produce vibration in high speed engines, and I beg to join in thanks 

which I am certain will be accorded to him for the same. There are 

only two small points to which I should like to draw his attention. The 

first is the statement on page 61 that the maximum velocity of piston 

is reached when " the connecting rod is tangent to the crank circle " 

(*>., when the connecting rod and crank are at right angles to each other) 

is not really correct, although sufficiently so for practical purposes. This 

fact was pointed out by Engineering in the review of the first edition of 

Mr. Holmes's book on the Steam Engine (March 18th, 1887, page 261), 

from which it will be found that the point of maximum piston velocity 

is slightly nearer half stroke. With the ordinary proportions of connect- 
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ing rod to stroke ike error is verj small, only equal to about 2 d^s. of 
the orank's motion, and only about 8 degs. to 5 degs. mtii a connect- 
ing rod half the usual length. On Plate XYIII. A B is the connect- 
ing rod and B G the crank, at right angles to each other. Baising 
a perpendicular at A and produdng the crank B to meet it at D, 
D becomes an ^' instantaneous axis '* to which D A and D B are radial, 
and the velocity of A (the end of piston rod) will be to the velocity of B 
(the crank pin) as D A is to D B. Taking other positions of crank B, 
and B^we find that D^ A, bears a greater proportion to D, B, than DA to 
D B. Making B, E, = B D and drawing E F parallel to A, B, we find 
that A, F, is greater than A D, aUd the velocity of piston when crank is at 
B, greater than lAen it is at B. Ko appreciable increase is found when 
crank is at B^. 

The second point is that Mr. Allan appears to have taken no notice of 
the dead weight or effect of gravity on the reciprocating parts. It seems 
to me that this should be added to the steam pressure on the down stroke 
and subtracted from it on the upstroke. 

Yours faithfully, 

J. Jennings Oaxfbbll. 

Mr. J. B. FoTHBBGiLTi, in opening the discussion, said he found that a 

paper of the description they had jnst had the pleasure of listening to was 
one more suitable to the study than to general discussion without con- 
sideration. It was one that required a great deal of study before being 
able to discuss it in the full sense that would be required to do it justice. 
He took the opportunity of rising to the Past- President's invitation more 
especially to thank Mr. Allan for the very able paper he had put before 
this Institution. He congratulated the Institution, which was greatly 
indebted and derived great importance in the eyes of other institutions, 
and in the profession generally, by having such valuable papers bound in 
their Transactions. They might not at the moment be able to rise and 
discuss such papers with the credit they deserved, but they must all feel 
that having such papers in their Transactions, to which they could refer 
to, was in itself of immense value. Having no experience of high speed 
engines he did not himself propose to discuss this paper. His occupa- 
tions were too many, and life was too short, to enter very fully into all 
the scientific pipers brought Ix'fore tliem, even if one were capable of 
doing so. The diagrams put before them, which appeared to be explicit 
and concise in their details, must undoubtedly be of great advantage to 
those who were interested in the production of high speed engines. 



DISCUSSION — ^VIBRATION IN HIGH SPEED ENGINES. 69 

Mr. FoTHERGiLL further remarked that he remembered Mr. Yarrow 
reading a very important paper before the Institution of Naval Archi- 
tects. Mr. Yarrow was not a member of this Institution, but he would 
suggest a copy of the paper be sent to him, with an invitation to express 
his views. 

The Secretary (Mr. Duckitt) said that Mr. Yarrow had had a copy 
sent to him, although he had not been asked for any communication. 

Mr. W. Stafford said, like their friend, Mr. Fothergill, he could only 
express the indebtedness they must all feel to Mr. Allan for the very great 
care he had bestowed on a subject like this, and the very admirable paper 
he had produced. He also felt very great diffidence in criticising a paper 
of this description, and it was more for the purpose of furthering or 
inciting discussion that he just drew attention to one point that struck 
him in the paper — he thought there was something behind that statement 
in the author's mind. On page 59 he said : " In speaking of balance 
weights it must be distinctly understood that what is here said is 
not to be interpreted as advocating the placing of weights directly 
opposite the crank as being the best system for balancing an engine." 
Now, in all the high speed engines they were acquainted with there was no 
question that this principle was adopted, and balance weights were placed 
at the opposite end of the crank, seeing that in its centrifugal motion what 
was lost on one side of the centre was picked up or gained on the other. 
There was no doubt if they could invent a movable balance weight — a 
practicable movable balance weight that would adjust itself to the right 
place at the right moment — they would hit upon the proper method of 
balancing an engine. He just called attention to this point that it might, 
perhaps, suggest an idea, or might induce the author of the paper to state 
what was in his mind at the moment of penning the paragraph. 

Mr. W. HOk said he^was not an engineer. There was just one point in 
almost the last paragraph that struck him. This was where Mr. Allan 
said : " These engines were tried at moorings, under steam, with and 
without the balance weights. The greatest vertical measurement taken 
at the stern of the vessel without the balance weights was actually 
reduced by about 60 per cent, when the weights were on. The propeller 
shafts were disconnected during these trials." He would like to ask Mr. 
Allan if there was any difference in amount and period of the vibrations 
experienced when the boat was running the mile and when she was 
moored, and also if there was any difference in the percentage of reduction 

VOL. XIL— 18». 7 
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of vibntioiii doe to the baknoe vdg^bti^ vIhb die engmes wen, wo lo 
ipeak, loaded and the pnipeller ihif te oomiBOled, and when— -die boat 
being mooied — the engines neie pnMiically imloadwl and die prapeHor 
diafti diioomiected ? 

Mr. H. Uaooll nid dieie wia anodier phaae of the matter lAich 
oocnned to him. What was the remit when both main enginea happened 
to be giving exactly the same refvolntions with the heavy portion of both 
engines on the down stndce ? and, again, what effect had this motioD 
when the engines syndironiaed with the period of the vessd's vibntioii ? 
He was aboard a huge Atlantic twin soew hlbdj, and at table one of the 
passengers remarked, ^Oh, dear me, I am ahaid there mnst be a stonn 
rising, and I most go on deck.'* The day was qniet and sea smooth. 
He (H r. Haooll) had been taking note of the engines, and observed that 
althongh the engineer vras carefol not to have both main engines giving 
exactly the same revolutions, still oooasionally the heavy A^M^Mniiwg 
stroke of both engines, with pomps, etc, wonld for a short time ooincide, 
and when this did occor it set np a veiy disagreeable vibration or 
panting, and at longer intervals this panting hannonised with the ship's 
period, and the resolt of this state of matters was to make the panting 
quite observable to the extent of several inches in die length of the 
veflsel. A Bimilar, but, of course, much lesser vibration was produced 
when some of the ventilating or refrigerating engines happened to 
coincide together and also with the main engines ; although under 
normal circumstances the vibration was scarcely perceptible. 

Mr. Caw8 said he felt extremely loath to trespass on a meeting in 
which were so many possessing intimate practical knowledge of the 
Hubject. lie would merely refer to a connection between the subject of 
tliis valuable paper and some exceedingly interesting papers read 
Ixifore the Institution of Naval Architects by Mr. Schlick, who demon- 
Htrated by elementary experiments the eflfect on vibration of certain 
IiH|K)Hiti<)ns and arrangements of the engines in regard to the structure 
of tilt; Hliij). If he (Mr. Caws) understood the paper they had now 
hitiird, it was siKicially imix)rtant as an effort to graphically work out and 
(Icpictt thr jibKolute forces of the engines at their various moments or 
pImwH of n^volution, showing their resultant irregularities and conse- 
ipu'nt |K)W('r of producing vibration both vertically and horizontally. 
Ami tlicHc vibratory forces liaving thus been mciisured and estimated as 
ooinin^' fnun the engines, the question naturally arose — In what manner 
wouM they net u\m\ the structure of the ship, and how would her 
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structure by its reactions accentuate or minimise the vibration ? This 
question drew special attention to, not merely the bed-plate, but also to the 
entire basis upon which the engines stand in the ship, and to the great 
importance of so constructing that basis, by continuous longitudinal 
girders and otherwise, as to spread these vibratory forces ; so that they 
might be extended as far as possible over the floor of the ship, and not 
be too much concentrated on any one point or points. In that connec- 
tion there was much to learn as to the effect of reaction of a ship's 
structure on the engines' uneven vibratory forces, which of course was 
a most difficult and involved question. The most recent of Mr. 
Schlick's papers had special reference to this question, and. the appa- 
ratus he used in order to ascertain the effect of a ship's elastic force 
on the engines' vibration seemed to be a most suggestive apparatus. He 
(Mr. Caws) understood that since reading his last paper Mr. Schlick was 
extending the uses of this apparatus and improving upon it, with increas- 
ingly useful results. No doubt by the use of balance weights judiciously 
disposed along the shaft much could be done to regulate and render more 
uniform the centrifugal force exerted by the ship's engines. The paper 
now before the meeting had a high value as drawing attention to this 
very important subject, and he believed the further advances of Mr. 
Schlick went in the direction of uniting the teaching of this paper as to 
the need for balance weights with the teaching of Mr. Schlick's previous 
papers, and in some way showing the result accruing from the combined 
action of those vibrating forces developed from the engines as the main 
original source of vibration, and the reaction of the ship with all the 
elastic forces embodied in her construction and brought into play, not 
only by variations of engine force, but also by changes in the relations of 
buoyancy to loading. No doubt in addition to what the engine builder 
could do by balancing the engines to minimise vibration, the shipbuilder 
also could contribute to the same desirable end in various ways, and 
specially by providing the utmost rigidity practically attainable in the 
floors on which the engines were erected. 

The discussion was adjourned and the meeting dissolved. 
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of yifaiatioDB dne to the balance weightoy when the engines were, m to 
speak, loaded and the propeller shafts oonneoted, and when— the boat 
being moored — the engmes were practically unloaded and tiie propeller 
shafts disconnected ? 

Mr. H. Maooll said there was another phase of the matter whidi 
oocnned to him. What was the result when both main engines happened 
to be giving exactly the same revolntions with the heavy portion of both 
engines on the down stroke ? and, again, what effect had this motioD 
when the engines synchronised with the period of the vessel's vibrakioii ? 
He was aboard a large Atlantic twin screw lately, and at table one of the 
passengers remarked, ^ Oh, dear me, I am afraid there mnst be a storm 
rising, and I must go on deck.'* The day was quiet and sea smootlL 
He (Mr. Maooll) had been taking note of the engines, and observed ttiat 
although the engineer was careful not to have both main ^iginea giving 
exactly the same revolutions, still occasionally the heavy *1iwftiMiT!g 
stroke of both engines, with pumps, eta, would for a short time coinolde, 
and when this did occur it set up a very disagreeable vibration or 
panting, and at longer intervals this panting harmonised with the ihip*a 
period, and the result of this state of matters was to make the pantiiig 
quite observable to the extent pf several inches in the length of the 
vessel. A similar, but, of course, much lesser vibration was produced 
when some of the ventilating or refrigerating engines happened to 
coincide together and also with the main engines ; although under 
normal circumstances the vibration was scarcely perceptible. 

Mr. Caws said he felt extremely loath to trespass on a meeting in 
which were so many possessing intimate practical knowledge of the 
subject. He would merely refer to a connection between the subject of 
this valuable paper and some exceedingly interesting papers read 
before the Institution of Naval Architects by Mr. Schlick, who demon- 
strated by elementary experiments the effect 6n vibration of certain 
dispositions and arrangements of the engines in regard to the structure 
of the ship. If he (Mr. Caws) understood the paper they had now 
heard, it was specially important as an effort to graphically work out and 
depict the absolute forces of the engines at their various moments or 
phases of revolution, showing their resultant irregularities and oonae- 
(juent power of producing vibration both vertically and horizontally. 
And these vibratory forces having thus been measured and estimated as 
coming from the engines, the question naturally arose — In what manner 
would they act upon the structure of the ship, and how would her 
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structure by its reactions accentuate or minimise the vibration ? This 
question drew special attention to, not merely the bed-plate, but also to the 
entire basis upon which the engines stand in the ship, and to the great 
importance of so constructing that basis, by continuous longitudinal 
girders and otherwise, as to spread these vibratory forces ; so that they 
might be extended as far as possible over the floor of the ship, and not 
be too much concentrated on any one point or points. In that connec- 
tion there was much to learn as to the effect of reaction of a ship's 
structure on the engines' uneven vibratory forces, which of course was 
a most difficult and involved question. The most recent of Mr. 
Schlick's papers had special reference to this question, and . the appa- 
ratus he used in order to ascertain the effect of a ship's elastic force 
on the engines' vibration seemed to be a most suggestive apparatus. He 
(Mr. Caws) understood that since reading his last paper Mr. Schlick was 
extending the uses of this apparatus and improving upon it, with increas- 
ingly useful results. No doubt by the use of balance weights judiciously 
disposed along the shaft much could be done to regulate and render more 
uniform the centrifugal force exerted by the ship's engines. The paper 
now before the meeting had a high value as drawing attention to this 
very important subject, and he believed the further advances of Mr. 
Schlick went in the direction of uniting the teaching of this paper as to 
the need for balance weights with the teaching of Mr. Schlick's previous 
papers, and in some way showing the result accniing from the combined 
action of those vibrating forces developed from the engines as the main 
original source of vibration, and the reaction of the ship with all the 
elastic forces embodied in her construction and brought into play, not 
only by variations of engine force, but also by changes in the relations of 
buoyancy to loading. No doubt in addition to what the engine builder 
could do by balancing the engines to minimise vibration, the shipbuilder 
also could contribute to the same desirable end in various ways, and 
specially by providing the utmost rigidity practically attainable in the 
floors on which the engines were erected. 

The discussion was adjourned and the meeting dissolved. 
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of ribn^oDB due to the balance we^ti, witBD the engines wei^ w Id 
apeak, loaded and the propeller ahafts oimiteoted, and when — the boat 
bdng moored — the engines were praoticallf unloaded and the pnpeBar 
ihafta disconneoted ? 

Hi. H. Uaooll aud there vas anotlm jduae of the matter iHaA 
occoned to him. What was the resolt vhea both mun mginea h^ipeaud 
to be giving exactly the same rerolationa with the heavy poititm nl both 
engines on the down atroke ? and, again, what effect had Uda autioa 
when the engines ajnchroniaed with the period of the veoNl's nhn&n ? 
He was aboard a large Atlantic twin aorew lately, and at taUe one cl the 
panengeiH remarted, " Oh, dear me, I am afraid then mnst be a etorm 
rising, and I mnat go on deck." The day was qni^ md sea Binooth.^ 
He (Ur. Blftcoll) had been taking note of the eagines, and observed tbaa 
although the engineer was car^nl not to have both maineu|^ines giving j 
exactly the aame revolntions, ^Jll ocoauonally the btf^vy descending' 
atroke of boUi engines, with pomps, rtc, wonld for a ihoit time coincidci'' 
and when this did occnr it set up a very disagreeable vibration or, 
panting, and at Ioi^;er intervals thia panting hannonised iiitb the ship*!] 
period, and the resnltof this atate of mattcn was to make the patilingJ 
qnite obearable to the e^ent of several inches in the lengtli of thtj 
vessel. A umilar, bnt, of oonrse, mndi lesser vibration wii« pL-odocej" 
when some of the ventilating or refrigerating engines happened to 
coincide together and also with the main engines ; although nnder 
normal circumstances the vibration was scarcely perceptible. 

Mr. Caws eaid he felt extremely loath to treepaes on a meeting in 
which were bo many poesessing intimate practical knowledge of the 
subject. He would merely refer to a connection between the subject of 
this valuable paper and some exceedingly intereeting papers read 
before the Institution of Naval Architects by Mr. Schlick, who denoon- 
strated by elementary experimente the effect 6n vibration of certain 
dispoaitiouB and arrangements of the engines in regard to the structure 
of the ship. If he (Mr. Caws) understood the paper they had now 
heard, It was specially important as an effort to graphically work out and 
depict the absolute forces of the tngines at their various momenta or 
pbascs of revolution, showing their resultant irregularities and conso- 
(juent [«wer of producing viltratiou both vertically and horizontally. 
And these vibratory forces having thus been meiisured and estimated as 
coming from the engines, the question naturally arose — In what DDanner 
would they act upon the structure of the ship, and how wonld her 
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structure by its reactions accentuate or minimise the vibration ? This 
question drew special attention to, not merely the bed-plate, but also to the 
entire basis upon which the engines stand in the ship, and to the great 
importance of so constructing that basis, by continuous longitudinal 
girders and otherwise, as to spread these vibratory forces ; so that they 
might be extended as far as possible over the floor of the ship, and not 
be too much concentrated on any one point or points. In that connec- 
tion there was much to learn as to the effect of reaction of a ship's 
structure on the engines' uneven vibratory forces, which of course was 
a most difficult and involved question. The most recent of Mr. 
Schlick's papers had special reference to this question, and . the appa- 
ratus he used in order to ascertain the effect of a ship's elastic force 
on the engines' vibration seemed to be a most suggestive apparatus. He 
(Mr. Caws) understood that since reading his last paper Mr. Schlick was 
extending the uses of this apparatus and improving upon it, with increas- 
ingly useful results. No doubt by the use of balance weights judiciously 
disposed along the shaft much could be done to regulate and render more 
uniform the centrifugal force exerted by the ship's engines. The paper 
now before the meeting had a high value as drawing attention to this 
very important subject, and he believed the further advances of Mr. 
Schlick went in the direction of uniting the teaching of this paper as to 
the need for balance weights with the teaching of Mr. Schlick's previous 
papers, and in some way showing the result accruing from the combined 
action of those vibrating forces developed from the engines as the main 
original source of vibration, and the reaction of the ship with all the 
elastic forces embodied in her construction and brought into play, not 
only by variations of engine force, but also by changes in the relations of 
buoyancy to loading. No doubt in addition to what the engine builder 
could do by balancing the engines to minimise vibration, the shipbuilder 
also could contribute to the same desirable end in various ways, and 
specially by providing the utmost rigidity practically attainable in the 
floors on which the engines were erected. 

The discussion was adjourned and the meeting dissolved. 



70 DISCUSSION — VIBRATION IN HIGH SPEED ENGINES. 

of vibrations due to the balance weights, when the engines were, so to 
speak, loaded and the propeller shafts connected, and when— the boat 
being moored — the engines were practically unloaded and the propeller 
shafts disconnected ? 

Mr. H. Macoll said there was another phase of the matter which 
occurred to him. What was the result when both main engines happened 
to be giving exactly the same revolutions with the heavy portion of both 
engines on the down stroke ? and, again, what effect had this motion 
when the engines synchronised with the period of the vessel's vibration ? 
He was aboard a large Atlantic twin screw lately, and at table one of the 
passengers remarked, '^ Oh, dear me, I am afraid there must be a storm 
rising, and I must go on deck." The day was quiet and sea smooth. 
He (Mr. Macoll) had been taking note of the engines, and observed that 
although the engineer was careful not to have both main engines giving 
exactly the same revolutions, still occasionally the heavy descending 
stroke of both engines, with pumps, etc., would for a short time coincide, 
and when this did occur it set up a very disagreeable vibration or 
panting, and at longer inteiTals this panting harmonised with the ship's 
period, and the result of this state of matters was to make the panting 
quite observable to the extent pf several inches in the length of the 
vessel. A similar, but, of course, much lesser vibration was produced 
when some of the ventilating or refrigerating engines happened to 
coincide together and also with the main engines ; although under 
normal circumstances the vibration was scarcely perceptible. 

Mr. Caws said he felt extremely loath to trespass on a meeting in 
which were so many possessing intimate practical knowledge of the 
subject. He would merely refer to a connection between the subject of 
this valuable paper and some exceedingly interesting papers read 
before the Institution of Naval Architects by Mr. Schlick, who demon- 
strated by elementary experiments the effect on vibration of certain 
dispositions and arrangements of the engines in regard to the structure 
of the ship. If he (Mr. Caws) understood the paper they had now 
heard, it was specially important as an effort to graphically work out and 
depict the absolute forces of the engines at their various moments or 
phases of revolution, showing their resultant irregularities and conse- 
quent power of producing vibration both vertically and horizontally. 
And these vibratory forces having thus been measured and estimated as 
coming from the engines, the question naturally arose — In what manner 
would they act upon the structure of the ship, and how would her 
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NORTH-EAST COAST INSTITUTION OF ENGINEERS 

AND SHIPBUILDERS. 



Twelfth Session, 1895-96. 



PROCEEDINGS. 



FOURTH GENERAL MEETING OF THE SESSION, HELD IN THE 
LECTURE HALL OF THE LITERARY AND PHILOSOPHICAL 
SOCIETY, NEWCASTLE-UPON-TYNE, ON FRIDAY ' EVENING, 
JANUARY 17tf, 1896. 



J. R. FOTHERGILL, Esq., Vicb-Peesident, in the Chaib. 



The Secretary read the minutes of the last General Meeting, held in 
Sunderland, on December 17th, 1895, which were approved by the mem- 
bers present, and signed by the Vice-President. 

The ballot for new members having been taken, the Vice-President 
appointed Messrs. H. Macoll and A. E. Doxford to examine the voting 
papers, and the following gentlemen were declared elected : — 

MEMBERS. 

Harroway, George MitcheU, Ship Draughtsman, Philiphangh, Wallsend-on-Tyne. 
Linsley, Frederick, Engineer Draughtsman, 5, Wentworth Terrace, South 

Shields. 
Lonnholm, Carl Gustaf A., Manager, Messrs. Oscarshamn Dry Dock Co., Oscar- 

shamn, Sweden. 
Sim, John Archibald, Ship Draughtsman, 1, South Cliffe, Roker, Sunderland. 
Watson, Thomas Henry, Marine Surveyor, 10, Neville Street, Newcastle- on-Tyne. 
Wilson, James, Engineer Draughtsman, c/o Messrs. Denny & Co., Engineering 

Department, Dumbarton. 

GRADUATES. 

Cole, Alfred, Apprentice Electrical Engineer, 5, Holmside, Heaton, Newcastle- 
on-Tyne. 

Harvey, Herbert B., Apprentice Engineer, 26, Heaton Grove, Heaton, Newcastle- 
on-Tyne. 

Leighton, James, Apprentice Engineer, 17, Eversley Place, Heaton, Newcastle- 
on-Tyne. 

Wilson, Percy P., Apprentice Shipbuilder, Bank House, Fawcett Street, Sunder- 
land. 
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NORTH-EAST COAST INSTITUTION OF ENGINEERS 

AND SHIPBUILDERS. 



Twelfth Session, 1895-96. 



PROCEEDINGS. 



FOURTH GENERAL MEETING OF THE SESSION, HELD IN THE 
LECTURE HALL OF THE LITERARY AND PHILOSOPHICAL 
SOCIETY, NEWCASTLE-UPON-TYNE, ON FRIDAY * EVENING, 
JANUARY 17tf, 1896. 



J. R. POTHERGILL, Esq., Vicb-Pebsidknt, is the Chaib. 



The Seceetaey read the minutes of the last General Meeting, held in 
Sunderland, on December 17th, 1895, which were approved by the mem- 
bers present, and signed by the Vice-President. 

The ballot for new members having been taken, the Vice-President 
appointed Messrs. H. Macoll and A. E. Doxford to examine the voting 
papers, and the following gentlemen were declared elected : — 

MEMBERS. 

Harroway, George MitcheU, Ship Draughtsman, PhiUphangh, WaUsend-on-Tyne. 
Linsley, Frederick, Engineer Draughtsman, 5, Wentworth Terrace, South 

Shields. 
Lonnholm, Carl Gustaf A., Manager, Messrs. Oscarshamn Dry Dock Co., Oscar- 

shamn, Sweden. 
Sim, John Archibald, Ship Draughtsman, 1, South Cliffe, Roker, Sunderland. 
Watson, Thomas Henry, Marine Surveyor, 10, Neville Street, Newcastle- on-Tyne. 
Wilson, James, Engineer Draughtsman, c/o Messrs. Denny & Co., Engineering 

Department, Dumbarton. 

GRADUATES. 

Cole, Alfred, Apprentice Electrical Engineer, 5, Holmside, Heaton, Newcastle- 
on-Tyne. 

Harvey, Herbert B., Apprentice Engineer, 26, Heaton Grove, Heaton, Newcastle- 
on-Tyne. 

Leighton, James, Apprentice Engineer, 17i Eversley Place, Heaton, Newcastle- 
on-Tyne. 

Wilson, Percy P., Apprentice Shipbuilder, Bank House, Fawcett Street, Sunder- 
land. 
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^ 



The ViCB'pRKSiDBNT read the follomng teU^nun from the Preeidenl's 
<rfBce I — " Mr. BicJiardson is Baddenljr called Kvnj an important bnslnt» 
and cannot attend meeting — mndi ngiet ." 



The diaowioii on Hr. WQliaia Okm's p^ier was nenmed and doHd. ^ 

The diecanion on Ur. J. M. Allan's paper on " An TnrestigHtioa iofai 
the Forces Tending to Produce Tibration in High Speed Bnginea" 
naamed, and Mr. Allaii replied. 

Hr, BOBiRT H. iiuTR read a paper on " ConntcrainkiDg in the Ship- 
j»cd." 




ADJOURNED DISCGSSION ON MR. WlIiLIAM CR08.S'S PAPER 
"ON THE 5URFACK CONDENSING PLANT." 

TIk' VrfK-T'nr:.-n>RNT said he had now to dwiari' iliij diHca-^i'm on 
Mr. Groea'B paper open. It was heard one or two meetings ago with 
very great intereet, and they wonld be pleased to hear any gentleman 
inclined to take ap the diBcnsBion. 

There being no farther remarke offered, Mr, Oroes web called npon to 

reply. 

Mr. Gross said he was afraid there was nothing very special he had 
to reply to. He did not know of anything further that be oonld say upon 
the paper. If any gentleman wished to ask any question or an; ezidana- 
tion, he should be only too pleased to respond. 

The ViCE-pRKBiDBNT was Bore they would all feel that a hearty vote 

of ttmnkB waB due to Mr. Croas for the very able paper written by him. 

The vote was accorded by general approval. 
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ADJOURNED DISCUSSION ON MR. J. M. ALLAN'S PAPER 
ON "AN INVESTIGATION INTO THE FORCES TENDING 
TO PRODUCE VIBRATION IN HIGH SPEED ENGINES. 

The Vice-President said Mr. Allan's paper was read at the last 
meeting. Many then hesitated to join in its discussion on the plea that 
they had not studied the paper. He hoped they had taken the oppor- 
tunity, and that they would now have a good discussion. 

Mr. Robert Doxford said that at the Sunderland meeting, before 
which Mr. Allan read his paper upon " An Investigation into the Forces 
Tending to Produce Vibration in High Speed Engines," he hoped that 
someone who had given special attention to the subject would have 
spoken during the time allotted for the purpose. However strong his 
own desire might have been at the time, there was the knowledge that to 
convey his yiews to that meeting was an impossibility. Those gentlemen 
who availed themselves of the opportunity afforded spoke in praise of the 
paper, and so far as it showed the great amount of labour entailed in its 
production, and the praiseworthy desire of the writer to let the members 
of this Institution benefit by his labours, so far, he said, every credit was 
due. But a great deal more than evidence of labour and a praiseworthy 
desire was required in such a paper as Mr. Allan's to make it of value. 
The paper was divided by the writer into two portions^-one dealing with 
an engine driven, and the other with an engine driving. The subject of the 
first portion, viz., an engine driven, had been dealt with by various writers, 
and among the most prominent authorities were Messrs. Yarrow, Schlick, 
and Rigg. The two former had read papers of a most exhaustive nature 
before the Institution of Naval Architects, and anyone wishing to get a 
fair grasp of the complicated forces under review in the first portion of 
Mr. Allan's paper would do well to study all the writers he had named. 
In Mr. Yarrow's paper alone, he would find cause, effect, and remedy, 
and he ventured to say, if the laws and method laid down there were 
followed, very little vibration, if any, would result ; but he (Mr. Doxford) 
had never known anyone propound previously the theories set forth in 
the second portion of Mr. Allan's paper. They would notice Mr. Allan 
only claimed to have reduced vertical vibration by 60 per cent., even 
after fitting balance weights, 3,018 lbs. weight, which was approximately 
three times greater than necessary for reducing the vertical vibration 
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almofifc to seio by Mr. YaixoVB md^hod. He was, therefoze, veiy f^ 
indeed that Mr. Allan, in his paper, did not advocate balance mif^ 
oppofiite each crank. He wonld now draw their attention to one or two 
points in the paper upon which he disagreed entirely with Mr. AUanu If 
they tnmed to page 61, and Fig. 7 (Plate yill.)» they fonnd tha6 to pio- 
duce the figure Mr. Allan had, by Fig. 4 (Plate YIII.), resolyed the vertioal 
force neceesary to give motion to the reciprocating paHs along the erank 
and at rij^t angks to it) and only dealt witii that portion along the ora&k^ 
together with die radial force due to revolving parts (both <rf whidi wore 
shown in Fig. 8) as tending to lower and raise the bed-]^ate» and fixqgofc 
that the force at right angles to the crank, or, as he called it, tiie taming 
effort, also had its reaction in the main bearings. By this mm/Am he 
under-estimated the forces he had to deal with at all points between the 
dead centres and dioee at idiidb the greatest turning effM existed. Hhm 
vertical ilxrces shown upon Ilg. S ( Plate YIII)., not the radial ftnces vpcni 
Fig. 8 (Plate YIII.)* were tiie <mes he should have dealt wiliu Hmr, if 
they turned to the second part of Mr. Allan*s paper, ilie tame mfalalDa 
was repeated. But, to make matters worse, Mr. ABan said: — ^^Theaa 
loads are transmitted from tiie cylinder covers, top and boltoiB, 
through the columim to the bed-jdate, and tend to lower or rate ft 
and the shaft, according as to whether the steam is below or abofia 
the piston. The load on the piston, however, is not so expended, as 
part of it is occapied in taming effort, the remaining portion only 
tending to lower or raise the bed-plate." And by Figs. 20 and 21 (Plate 
XIII.) there was no mistaking his meaning, which was that when steam 
was admitted to the cylinder of an ordinary engine there was always a 
resultant steam pressure tending to lower or raise the bed-plate except on 
the dead centres, and at the points where the steam pressures on the two 
sides of the piston were equal. Here, again, was forgetf ulness upon Mr. 
Allan^s part, for to turn a body he must have a couple. He could not 
avoid the third law of motion, which was '' action and reaction are equal 
and opposite.'' To illustrate his meaning — when his connecting rod was 
exerting its biggest tengential force — and he claimed no radial force, 
therefore no force upon his bed-plate — he dealt with the whole steam 
pressure on the cylinder covers as tending to raise or lower the bed-plate, 
and altogether neglected the reaction in the main bearings due to the 
tangential force which was equal and parallel to the tangential force, thus 
completing the couple necessary to turn the shaft ; and Mr. Allan would 
find upon resolving this reaction into its vertical and horizontal com- 
ponents, that the vertical component exactly equalled the load upon the 
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piston and upon the cover, neglecting of course the effect of the recipro- 
cating and rotary parts. To take a general case in which the con- 
necting rod was not necessarily at right angles to the crank, he (Mr. 
Doxford) had reproduced the Fig. 4 on Plate XIX., from which it was seen 
that the reaction in the main bearings due to the thrust in the connecting 
rod was a force equal and parallel to this thrust. And that when this reac- 
tion was resolved vertically and horizontally the vertical component was 
exactly equal to the load on the piston. Thus there was not the slightest 
chance of steam pressure in an ordinary design of engine raising or lower- 
ing the bed-plate or causing vibration thereby. Now, let them see where 
Mr. Allan was led by neglecting this simple elementary truth of action and 
reaction being equal and opposite. If they turned to Fig. 28 (Plate XIV.) 
they found he combined the untrue Fig. 7 (Plate VIII.) with the resultant 
obtained from an imaginary force in Fig. 21 (Plate XIII.), and what was 
the consequence ? A resultant which gave two possible positions for the 
balance weights. For example, take the low pressure diagram. Fig 23 
(Plate XIV.). The greatest upward force was shown between points 
1 and 2, and the greatest downward force between 9 and 10, and these 
two positions made an angle of 120 degs. with one another. But a rotary 
balance weight had its greatest upward and greatest downward effort on 
the top and bottom centres respectively, or, in other words, at two 
positions, making 180 degs. with one another. Therefore, if they placed 
the balance weight in such a position as to have its greatest downward 
effort, viz., at A (see Fig. 20, Plate XIX.), when the forces to be balanced, 
according to Mr. Allan, had their greatest upward value, viz., at B, it 
would be 60 degs. from its proper position when the said forces had its 
greatest downward value, viz., at C, because the balance weight would 
then be at D instead of at E. It would, therefore, be interesting to know 
which of these two positions Mr. Allan would recommend, for in the paper 
the low pressure balance weight occupied neither of these positions, but 
one making an angle of 16 degs. with one position and 75 degs. with 
the other. In conclusion, he begged to thank Mr. Allan for his paper, 
and while not agreeing with his arguments or the results he obtained, he 
hoped he would take all he had said simply as friendly criticism. 

Mr. R. M. Febbieb said, like Mr. Doxford, he very much admired 
Mr. Allan's paper as far as regarded the labour expended. Mr. Allan 
must have taken an enormous amount of trouble to prepare those 
beautiful diagrams ; but he would like to point out one or two things 
which did not agree with what they were accustomed to consider the 
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ooirecfc mediodB of finding the f oroeB inyolyecL The first point Mjr. 
Doxf Old had already explained, and he did not need to dwelion it; bst 
he shoold like to say he did not care for the diagram (Fig. 8» Plate 
Yin.) at all, it did notjead them to correct views as to the fiiroea 
acting on die shaft. By Delecting the tangential effort Mr. AQan 

was able to get all his forces radial and 
then to resolve them. Bat as a matter 
of fact tibe forces that acted npon die 
shaft were not raidiaL Taking tibe (sank 
at any angle, as at A, they had the 
centxifi^ force acting dieie along the 
crank in the direction A. The poll 
in die connecting rod wonld piodace an 
eqnal parallel force at as repveaented 
by the line EO. These two fcroes on^ 
to be comiNmndedy and would prodnce 
die resoltant force that would act aloog 
the line B— not along the ccank. In- 
stead of taking the radial forces, as lb; 
Allan had done in Fig. 8,«nd Kr.Dox- 
ford had done in the diagram he had 
given, he (Mr. Ferrier) preferred to reduce 
them to vertical and horizontal forces, 
as Q and B a in the sketch. The 
vertical forces actually exerted on the 
shaft at the low pressure crank were shown 
by the dark Une in Fig. 1 (Plate XX.), 
while the dotted line represented the forces 
given by Mr. Allan (Fig. 7, Plate VIII.) 
This gave very much increased forces 
at intermediate angles, the forces being 
the same at the beginning and middle of 
the revolution. The forces on the shaft 
did not act along the crank, but was the 
resultant of two forces, and this force C B being resolved vertically 
and horizontally gave a vertical force equal to C G and a horizontal 
force equal to B G. The horizontal forces were shown in Fig. 2 (Plate 
XX.) by the full dark line. The dotted line gave the forces shown 
by Mr Allan. (Fig. 7a, Plate VIII.) The thin full line showed the 
forces which were due to the rotating parts alone, and which could be 
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• 

exactly balanced by weights fixed opposite to the crank and rotating 
with the shaft. Fig. 8 (Plate XX.) represented the whole of the 
horizontal forces due to the thrust, which were very smaU. To show 
the effect on these forces of the balance weight he had thought it 
well to prepare the diagrams, Figs. 4 and 5 (Plate XX.), which repre- 
sented the effects on the vertical and horizontal forces respectively of the 
balance weight, which was stated to be placed opposite to the crank. 
The weight was given as 683 lbs. on the low pressure crank. In Fig. 4 
(Plate XX.) the thin line A represented the vertical force given by 
the reciprocating and rotating parts; the dotted line B represented the 
vertical force produced by the balance weight, and the resultant vertical 
force was shown by the fuU dark line C. This showed that the vertical 
forces were considerably reduced by the balance weight, but were still by 
no means n^ligible. The horizontal forces had been treated in the same 
way. In Pig. 5 (Plate XX.) the dotted line B represented the horizontal 
effect produced by the balance weight which overbalanced and produced a 
force of its own almost as great as the original foree, which was repre- 
sented by the thin line A, but in the opposite direction, and this resultant 
force was represented by the full dark line 0. These forces were simply 
due to the forces produced by the inertia of the reciprocating parts and 
by the centrifugal forces of the rotating parts. There was one other 
point, not of much practical importance, certainly, in this case, but 
which ought not to be neglected in an exact determination of the forces 
produced. That was, that the weight of the moving parts sometimes 
assisted and sometimes opposed their action. At the high speed at which 
these engines were running it only amounted to somewhat less than 
one-twentieth of the force produced by the motion of the parts. He 
would like to refer also to the rocking moments fore and aft produced by 
the vertical forces. They were of importance. In Mr. Yarrow's paper, to 
which Mr. Doxford referred, he neglected the obliquity of the connecting 
rod, which both Mr. Schlick and Mr. Yarrow had .always done in their 
methods of balancing the engines. By neglecting the obliquity of the 
connecting rod, and its effects on the forces, by making the pistons of 
equal weight they got rid of upward and downward force altogether, they 
got no vertical force at all, they had never any upward or downward 
force at any period of the revolution, but they still had a rocking moment 
produced, for the three forces were not in line. That is to say, if they 
took the three cranks at 120 degs. as at A, B, and in end view of 
shaft (see sketch on next page), then if P be the vertical force on 
(»ank A, the vertical forces on cranks B and C were each equal to J P 
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downwudB, bo that the total Totioal force wia Dothing. THat would be 
trae at us.j pdnt of the lerohitum. Then waa a looking nuHaent pio- 
diued,how0w,vhidiwaa not o^l^Ue erenif they had no npmid and 
downvaid foroe. The method of gtHiog thia radcing momenfe lAkh 
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Hr.AUaB gave in the paper ii not ommoL He toiA ttie liae of tlia Adk 

aad found at a oertaio poii^ in the revohuion in the tij^urc gives 
(Kg. 11, Kate IX), the upward verlioJ forao which, in this c»8g, ifbb 
' 28*8 tou, and at the laine pinnt in the revolDticin there was also n (Iowii> 
mid forae of 77fir tlun heini; the resoltant fonx». In the buliuiciag 
of theae two fnoea, one angle fuio.' eijoaj to the diiTcrenw niight have 
been fonnd by the ordinary ntitlioil of monionta : but not at the 
pnnt given hj Mr. Allan, intermediate between Utem. The lentaot 
force waa in the upward direction ; it most be equal to the difFereoce 
between theae two, 4-55 tons apwarda ; but it would have to act to the 
right of the force of 12'S tons at a distance of about 9 feet, a distance 
which was to be fonnd by the ordinary method of momente. The two 
forces now, 12'8 and 7'75, tended to rock the engine over. The exact 
point abont which the momenCs should be taken was difficult to decide. 
If it was a rigid body one might take it at the centre of gravity ; but an 
engine bnilt into a l^ht ship like this conld hardly be said to be a rigid 
body — perhaps it wonld be safer to take it at the centre of gravity of 
the ship. Mr. Schlick had taken it at the nodal point, where there was 
no vibration, bnt that was only fonnd after the ship was built, and it was 
difficult to say where it was beforehand. The point, wherever it was, about 
which the moments were taken Bhould not, however, be constantly chang- 
ing, but should be always one and the same point. By the method 
employed in the paper the point at which the moment was taken was 
constantly varying, as shown in the diagram (Pig. 13, Plate X.), 
where the momenta calculated about a different centre for each angle 
of cmnk were shown both for the vertical and horizontal directions. If 
the centre about which moments were taken was constantly changing, 
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it was impossible to compare the moments at different times. The 
rocking effects could only be compared when they were taken about the 
same point for every angle of the revolution. The last thing in the 
paper he wished to remark upon was that of the steam pressure pro- 
ducing the unbalanced forces on the engine as a whole. The steam- 
pressure would not produce any upward or downward force whatever 
if the parts had no weight. The steam pressure on the cover must 
be exactly balanced by the pressure on the piston, only while the 
pressure on the cover was transmitted by the columns to the bed-plate 
undiminished, the pressure on the crosshead was less than the pressure 
on the piston by the amount of the force required to start the piston 
and piston rod downwards. The difference of the upward and down- 
ward forces was equal to the vertical force produced by the inertia of 
the reciprocating parts as before shown by the diagram (Fig. 1, Plate 
XX.), just as if the engine were driven by a belt. 



Mr. DoxFORD — Quite true. 



TTTTm 
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^TONS 



Mr. Perrier — If at this particular angle of 
the crank it took 2 tons to force the piston down- 
ward that force would not be produced by the con- 
necting rod now, but would diminish the effect of 
the pressure of steam on the piston by that amount. 
(See sketch.) Suppose that the total pressure on 
piston (and on cover) was 10 tons, the result 
would be 8 tons downward on the cross-head, con- 
necting rod, crank, etc., and 1 tons lifting the 
engine upwards. This would produce a down- 
ward pressure on the shaft of 8 tons, and the 10 
tons upward would be transmitted by the columns 
and bed-plate to the bearing, so the resultant effect 
would be 2 tons, lifting the shaft exactly as before 
the steam pressure was applied when the engine 
was driven off the connecting rod, and showed 
the horizontal forces produced by a belt. But as 
it was 8 tons acting downwards at the crosshead, 
and not 2 tons upwards, that would be a greater 
force than before, which was transmitted along 
the connecting rod, there would be a greater horizontal force acting 
on the crank pin, and transmitted by the crank to the shaft. To show 
this effect Pig. 6 (Plate XX.) represented the curves of effective pressure 
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on low preasure piston giveo by Mr. Allan in Fig, 19 (Piute SIII.) to 
the same scale as the other fignres, the diiigram for bottom end being 
inverted. The inertia forces line to reciprocating parts was also taken from 
Pig. 3 (Plate VIH.) of Mr. Allan's paper. The actual fort* acting <in 
the piston would be meaaui'ed by the distance between the two carves. 
Fig. 7 (Plate XX.) showed the horizontal foi-ces produced by the steam 
preasiires, allowing for the inertia of reciprocating parts. This might be 
oompared with Fig. 3 (Plate XX.). The horizontal forces were increased 
ia amount ; there wag & greater horizonttkl force, taking the sleum preeBuie 
into account, than before, when supposing the engine to be driven by a 
belti, and taking the reciprocating paits only into account, bat the vertical 
foroea acting on the engine as a whole would be exactly the same. 

The Vic B-Pk ESI DENT said he was siire they most all appreciate the 
able criticiBm they had jnat heard, and hoped it would be an incentive 
to other gentlemen to rise and freely criticise Mr. Allan's pnpur. 



The following communications on the subject were subniitt«d by the 
Seciietahy : — 

Quay Stbeet Iron Woukr, Glodoestke, ^ 

January nth, 1896. 
Dear Mr. Duckitt, 

The subject of Mr. Allan's paper to-nigbt being very interesting to 
me, I hoped to be able to come to the meeting, bat find at the last moment 
that I cannot man^e to do so, may I, however, make the following 
remarks : — 

As shown in a tetter to Engirumng, Angnst 6tb, 1886, it will be foond 
that if r = radios of crank, c = length of conn, rod, w = angalar velocit;, 
or V = linear velocity of crank pin, 9 = crank angle described from dead 
point and conn, rod not under foar times crank, the accelerations in line 
of stroke are given very approximately by 

^ = r«* j ^ cos 2 fi + COB f j (1), 



and the radial accelerations similarly are given by 

/ = rtti" f - cos 2 (p + cos ?) j f cos ip — - sin* ?] (2) ; 

also that (1) gives paralwlic curves in Mr. Allan's Fig. 2 (Plate VIII.), 
their vertices being at D, and thus the curve at D is much flatter than 
shown, in fact like the diagram enclosed (Plate XXI.). 
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The " lobe " diagrams also should be different, the lower lobe or that 
belonging to bottom half of stroke being flatter at lower part. I believe 
the above will be found correct. In the letter mentioned above it is also 
shown (I think correctly) that the smallest mean radial pressure on main 
bearings is attained by balancing half the reciprocating weight (in addition 
of course to the whole of the revolving weight). 

It may be noted that the portion of connecting rod to be called 
revolving weight is not half the weighty but the weight of the half length 
adjacent to crank pin. 

It can be shown that if the revolving weight and the reciprocating 
weight are respectively equal for all cylinders of a three-crank or four- 
crank engine with equal crank angles, then there is no resultant force, but 
only couples. 

In Fig. 11 (Plate IX.) there is really not an axis of moment, but 
the two resultants shown can be replaced by a single force beyond the 
greater one, and acting in same direction ; whether this single resultant 
causes a rocking moment on engines depends upon the position of their 
centre of mass. 

I would venture to say that the steam pressure on piston and covers 
and the consequent pressure on bearings are all intemaly and no direct or 
rocking forces can result, as appears to be stated by Mr. Allan, the only 
external effect on engines resulting from steam pressure is the twisting 
effect or couple of the propeller. I could add a few further remarks for 
the Transactions if acceptable. Hoping you will have a good meeting. 

Yours feithfuUy, 

William Sisson. 



Rutherford College, Newcastle-on-Tyne, 

December lUh, 1895. 
Dear Mr. Duckitt, 

I very much regret being unable to attend the discussion on Mr. 
Allan's paper, but having carefully studied it, desire to make a short 
criticism upon it. Although admiring the great pains spent upon it, I 
cannot help differing almost entirely from the results obtained ; the forces 
that require balancing are, according to Mr. Allan, the steam pressure, the 
inertia of the reciprocating parts, and the centrifugal force of the rotating 
parts. 

In the opinion of Prof. Cotterill, the steam pressure does not require 
balancing at all. I quote the following from his Applied Mechanics^ 
chap, xi., sec. 142 : — 
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"When the machine is at rest the forces, being al] in paire, balance" 
each other, and have no tendency to move the machine as a whole. For 
example, in a direct-acting vertical engine the driving link is the strain, 
pressing with equal force, oue way on the cyUoder cover and the other 
way on the piston ; the working link is the resistance to turning of the 
crank aiiaft, which cicerta eqnai and oppoBite forces, one way on the crank 
and the other on the frame which carries the sliaft bearings. The steam . 
pressure and the working reaiBtance may each be described as a stresB. 
The forces which make up the stress are trauBmltt^ from the piston 
through the connecting rod to the crank, and In the opposite direction 
from cylinder cover through the frame to the crank shaft. The I 
horizontal pressure of the crosshead on the guide bars is in like man 
balanced by the equal borinontal thrust of the connecting rod on the i 
crank pin, combined with the moment of the working resistance. 

So in every machine when at rest or moving slowly and steadily, thA ' 
stress is transmitted from the driving pair to the working {iitir, not only . 
through the movable parts of the machine, but in the opposite direction 
through the framing." 

Taking the second part, the forces produced by the reciprocating 

partB, and turning tri soc. 144 of the same work, we find the following; — 

'■Sul»lir,j of miicl.ii.fts. UiiLiiiciiiL'. In ;i rmuliin^ wkli rvc\],r..r.,\in-! 

part* the balance of lorces is destroyed by their inertia when the machine 

is in motion. The straining action on these fastenings will now be briefly 

considered. Taking the case of a direct-acting horizontal engine, let P 

be the total pressure of the steam on the cylinder cover, then the pressure 

P' transmitted to the crank pin is not equal to P, but there is a difference 

S given by the formula — 

W V > 
S = P - P' = ILJ^ X, 

where x is the distance from mid-stroke, W the weight of the reciprocating 
parts, Vq the velocity of the crank pin in feet per second, and a the half- 
stroke ; this n^leota the obliquity of the connecting rod." 

It follows at once from this that the force tending to displace the 
engine is S. 

Mr. Allan has argued that only a part of S is transmitted to the shaft, 
and that part only of this rccpiires balancing. I refer to the words : 
"Tbus at [xiint 3 the force shown is a component part of the toUil 
force applied to the connecting rod, tlie other pirt of which is expended 
in turning effort." And further on, after adding the centrifugal force of 
the rotating weights, Mr. Allan says, "What, however, is required to be 



^ , 
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known are the forces acting vertically and horizontally, and which produce 

rocking moments at the shaft. These vertical and horizontal forces may 

be read off Pig. 3 ; they are, in feet, the component parts of the forces there 

indicated." 

It appears to me that the error here arises from the fact that J K is 

supposed to- be solely absorbed in turning, and does not produce any force 

on the shaft. As a matter of fact, it produces an equal and parallel force 

on the shaft, so that the total forces at the shaft are a vertical force equal 

to the ineiiiia of the piston and rod, and a horizontal force equal to the 

pressure on the guides. This neglects the weight of the connecting rod. 

Mr Yarrow's method of balancing the moving parts by reciprocating and 

rotating weights, or approximately, as in a locomotive, by rotating 

weights, is extremely simple, and merely requires a knowledge of the 

principle of the lever. He also makes no attempt to balance the steam 

pressure. 

Tours faithfully, 

0. H. Innbs. 



Messrs. Harland & Wolff, Engine Works, 

January 29th, 1896. 
Dear Mr. Duckitt, 

I regret very much not being nearer that I might be able to attend 
some of the meetings of the Institution, especially the one at which Mr. 
Allan^s paper was read, as I would have liked to have been there to ask a 
few questions. As I have not the slightest knowledge of what passed at 
the meeting, I venture to ask you to add these few remarks to the dis- 
cussion, if I am not too late in forwarding them to you. 

Mr. Allan says his paper is " An Investigation into the Forces Tending 
to Produce Vibration in High Speed Engines." He divides these forces 
into two series, which he deals with separately and then combined, namely, 
inertia forces and forces due to steam pressures on pistons. 

For condition B, he says : — *f The loads due to the steam pressure in 
the cylinders are transmitted from the cylinder covers, top and bottom, 
through the columns to the bed-plate, and tend to lower or raise it and 
the shaft according as to whether the steam is below or above the piston. 
The load on the piston, however, is not so expended, as part of it is 
occupied in turning effort, the remaining portion only tending to lower 
or raise the shaft." 

These latter forces, due to steam pressure, I fail altogether to understand 
how they can be the means of producing vibration. I can understand 
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how they and the inertia forces affect the twisting moinente on the- ^ 
shaft, but why Mr. Allan should bring them into calculations investigating i 
forci;a pi'odiiciog vibration in the form of rocking endwise or swaying t 
athwartahips of the engine as u rigid strncture I fail to see. 

Imagine an ideal (sae of a set of engines worked with steam neglecting ' 
the weight of the steam, with reciprocating and rotating parts of no 
weight, also assnming the engine sole-plafce and framing practically rigid, j 
then in snch a case there conid be no vibration, aa the only forces ucting 
would be those due to steam pressorea. i 

The forces which produce vibration are free forces acting In one 
direction at u time, whereas the forces due to steam pressures cannot bs * 
termed free forces. I 

Again, in dealing with inertia forces producing rocking or tilting, it { 
is adviaable to consider the whole of the weight of the parts acting on one 
side of the crank shaft that are not balanced by weights on the opposite ' 
side ; for instance, the whole of the connecting rod and nnbalanced purt 
of the crank, webs, etc, the whole of the eccentrics and weights due to 
valvo geai^ ahead and astern. Mr. Allan neglects astern gear for some 
reason. 

In dealing with inertia forces tending to produce swaying tbwartshipe, i 
it ifl neceesary to separate rotating and reciprocating jtarta, which is not I 
Buch an easy matter. Hut wlii:ii rotJiting and r<*cijirocatiiig parts ure 
taken in combination, if the forces dne to the former are balanced, then 
the forces due to the latter will be also. In conclusion, I wish to con- 
gratulate Mr. Allan and Mr. Armstrong on the great amount of work 
and care they have taken in producing tbeae calcnlations and diagrams. 
Tonrs faithfully, 

Balfour Bbakwsll. 

ISLB OF Dooa, POFLAB, LONDON, E., 

January 20lh, 1696. 
DsAB Mb. Ddceitt, 

Referring to yonr letter of the 11th and to Mr. Allan's paper, which 
yon kindly sent me, I regret to say that at the moment I have not time 
to examine the paper with the care and attention which snch a subject 
requires ; but certainly, from the result of briefly examining it, I have no 
hesitation in saying that the matter has been most ably dealt with. 
Yours faithfully, 

A. F. Tareow. 



DISCUSSION — VIBRATION IN HIGH SPEED ENGINES. 87 

MR. ALLAN'S REPLY. 

Mr. Allan, in replying to the remarks made on his paper at the 
Sunderland meeting, and to the criticism which had taken place that night, 
said he thought he had better take the latter first. The whole of it was 
concentrated on why he neglected the reaction down at the shaft. It all 
hinged upon that point ; take away that, and he thought there was 
nothing left. There was a reason for the course adopted ; the thing had 
not been forgotten, but had been done with a certain motive in view, and 
to show he was not alone in supposing that the steam pressure was an im- 
portant factor in producing vibration, and seeing they had had the opinion 
of various authorities quoted that night, he would give them another. If 
they referred to The Engineer of the 21st September, 1894, they would see 
a leading article there on the subject. In the course of that article, and in 
speaking of balancing the reciprocating and revolving parts of the machine 
it was distinctly stated that there was another very important factor 
to consider, and proceeds thus : — " There is another agency at work which 
tends powerfully to set up vertical vibration. We refer to the steam 
efforts on the cylinder covers. On each of these there are stresses of .5 to 
30 tons, according to the size of the engines set up, and tending alter- 
nately to lift the ship up and force her down. Many persons assume that 
these efforts are wholly balanced and opposed in the engine room, but this 
is not so. The upward thrust on a top cylinder cover tending to lift the 
whole engine is not balanced by the downward thrust on the crank pin, 
save at the dead points. We have instead a couple composed of the 
crank pin effort, and the propeller's resistance to being turned. The 
effort on the cylinder covers is simple and straightforward. The way in 
which it is taken up is complex, and there is no room to doubt that a very 
potent cause of vibration is thus introduced which is not sufficiently con- 
sidered.'* That was exactly the position he had taken, and by discounting 
the reaction to the turning effort at the shaft was able to show the maxi- 
mum possible effect on the ship. He was not going to contradict the 
diagram by Mr. Doxford (Fig. 4) if it were understood that the engine 
was moving slowly and steadily, for with a given steam pressure 
they could only have a certain load, and the effect on the bearing 
Would be the same. All resistance was due to the propeller, exclud- 
ing the friction of the load, and the force necessary to generate 
motion in the parts. Now, supposing the propeller made large enough 
to absorb the whole of the load down from the engine and just to 
move slowly, the load upon the bearing then would be equal to that on 
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Lhe piston, but might uot be otbt;rwiae. Mr. Iiiness quoted Prof. 
Ootterill ; but tbey would obBerve, Prof. Cotterill said, " whon tbe 
machiue is at rest, the forces being all in jmira, balauce each other." He 
(Mr. Allan) was not discuBsing a machine at rest, but the very opposite : 
it was at high speed, viz., 350 revolutiona. The Btatement above wu 
also qaaliiied. and was repeated as follows : — " So in every machine, when 
at rest or moving slowly and steadily." He did not consider the 
madiine under notice was moving slowly, it was moving rapidly, 
and the number of revoltitions Huctuutcd to a certain extent. If moving 
slowly and steadily, then he (Mr. Allan) granted that the downward 
load upon tbe bearing was equal to the upward load on the cover. Mr. 
Yarrow was quoted to show steam pressure had no effect. In his jwper 
lie said, "let as consider why an engine produc'es vibration. In the 
ordinary and verticalenginestearapresseson the cylinder cover and on the 
piston, and from the piston the slress is transmitted to the iwd-jilate. 
Now, during the firat half of tbe down stroke the upward presanre on 
tbe cylinder cover was greater than the downward pressure on the bed- 
plate to the extent of what was needed to set the reciprocating parts in 
motion, and this excess of upward over downward pressure lifts the 
engine bed and that portion of the hull to which it is attached." He (Mr. 
Allan) thooght that was a precise though hmited statement to tbu ctTect 
that the iipwnrd pressure tended to lift the liull Again, consider the 
propeller so large that tbe steam load was just sufficient to canse it to 
revolve slowly, and that they wi^ed to revolve it at 360 revolutions. 
It certainly woald require a greater steam pressure to do so. Neverthe- 
less, tbe resistance at the propeller would not be equal to what it would 
be were it blocked and brought to rest. But the steam load in each coae 
being the same there would be less presanre upon the bearing when in 
motion than when at rest, and his difficulty was to fix the exact value 
for that, therefore to give it a r^nlarly varying value, from nil at the 
dead points be had n^lected the reaction to turning effort at the bearing. 
Maybe he had overstated the case ; but the diagrams showed tbe 
maximum vibratory effect on the ship, and that was the reason for (He 
course adopted. 

Mr. Fcrrier did not care for Fig. 3, Plate VIII., because it dis- 
played all forces as radial, and said be preferred to reduce them to 
vertical and horizontal forces. The forces shown on Fig. 8 had, how- 
ever, been all resolved in the directions mentioned in the diagrams 
which succeeded Fig. 3. Ou examining tbe diagrams prodaccd by 
Mr. Ferrier a very close resemblance to those in the paper was at 
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once apparent. Indeed Mr. Ferrier reached the same end by another 
way, and which way happened, from a constructional point of view, to be 
not nearly so easy. Very refreshing also was the admission that steam and 
the reciprocating parts could possibly produce any effect in a horizontal 
direction. He (Mr. Allan) was glad to hear that Mr. Ferrier recognised 
the importance of the obliquity of the connecting rod. Mr. Femer 
seemed to have quite missed the point in connection with the rocking 
moment. What was shown in the diagrams was the centre of gravity of the 
forces acting. Had Mr. Ferrier fully thought out the matter he would 
have discovered many of the points obtained by the " ordinary methods 
of moments " to be altogether outside the ship, and therefore somewhat 
awkward to deal with practically. The method adopted in the paper 
depicted the action of these forces perfectly. Of course they could all be 
shown as couples, but for the present purpose it was considered better not 
to do so. 

Mr. Crawford put a question as to the effect the unbalanced portion 
of the crosshead would have. It would, he thought, tend to reduce the 
thrust on the guide a little. 

Mr. Campbell, in his letter, pointed out that the position given for 
maximum velocity of the piston was scarcely accurate to the extent of 
about 2 degs. He also says the effect of gravity on the moving parts 
ought to be taken into account. This was quite correct, and the latter 
point had been considered in the construction of the diagrams. 

Mr. Fothergill's remarks were very flattering, and he thanked him for 
his good opinion. 

Mr. Stafford asked the reason for the statement that '* In speaking of 
balance weights it must be distinctly understood that what is here said is 
not to be interpreted as advocating the placing of balance weights directly 
opposite the crank as being the best system for balancing an engine.*' 
The reason for making the statement was that in fitting revolving 
weights it was necessary to consider the horizontal forces they might be 
able to introduce without appreciably affecting the ship. For instance, a 
weight might be fitted which would counteract all vertical effect of the 
moving parts, but it might create horizontal vibration of a troublesome 
character, therefore it was a case of compromise as to how much they 
could take off the vertical and 'J)ut into the horizontal direction. 

Then Mr, Hok asked a question : He " would like to know if there 
was any difference in the vibration of the vessel when she was steaming at 
moorings with the propeller disconnected, and at sea with the propeller on, 
and running at the same velocity" ? He might say that when the ship 

ypL. xu.-ii»e. ^ 
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was mnning at sea there were no actual meaBurcments token, bnt the 
guoenil feeling was that it was the same ae when running with the enginee 
disconnected at the mooringa. To explain the reiwon was difficult. When 
ninning with the propellers disconnected at the mooringB, the steam had 
only the moving parts to accelerate and the friction to overcome, at sea it 
had not only to do that, but drive the propeller. It followed, then, that 
the eteam load was very much less at moorings than at sea. At sea the 
increased load was to diive the propeller, and the difference of the load at 
aea when driving the propeller, overcoming the friction, luid generating 
the momentum, was equal to the difference of the load in the cylinders 
when at tlie moorings with the same velocity : and if the difference 
waa the same, the result at the moorings and at ^ea might be expected 
to be the same, and practically was. Mr, Yarrow said he bad made 
nnmbeTB of experiments, and always found it to be the same. 

The remarks of Mr. Caws on the action of the vibratory forces on the 
hull were very, very good. He said he was led to think that a very im- 
porttmt matter would bo the extension of the longitudinals of the ship 
forming the engine seating. He (Mr. Allan) did not think that view 
could be too strongly iiieistctl upon, for undoubtedly it was a most im- 
portant feature. It appeared to him (Mr. Allan) it the seatuiga were 
ahort and abruptly stopped these forces must produce very great locfti ' 
straining, and vibnitiou thronghout the ship, by reason of their aprmging 
action on the ship's bottom. To get over that longitudinals were in the 
right direction. 

Mr. Macoll mentioned abont the vibratory ef^ of two low-presBure 
pistons descending together on board an Atlantic steamer on which he 
bad recently sailed. He considered the vibration dne to the differenoe in 
upward and downward pressure, for it waa a well-known fact that the 
steam load in a cylinder of large diameter might not be great enough to 
generate the velocity of the moving parts. If they had three pietons, 
two would be dra^ng the third one along a certain part of ite path, 
and the steam pressure would not be transmitted to the crank at 
all, thus there were so many tons lifting np the engine, and also lift- 
ing up the ship, and if both of these loads acted together upon the ship, 
he had no doubt they would cause the vibration Mr. Macoll had 
noticed. 

He thought he had replied to all the gentlemen who had spoken, and 
thanked them for their criticism, and hoped the paper had proved of 
interest. 
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The points mentioned by gentlemen in letters forwarded since the 
meeting seem to have all been dealt with in replies to other gentlemen. 

The Vice-President said he had to propose a very hearty vote of 
thanks to Mr. Allan for his paper, and for the reply they had heard to 
the discussion. It rested with those gentlemen as to whether they felt 
satisfied with that reply. 

The vote was carried by acclamation. 




k 



COUNTBRSINEINa IN THD SHIPYARD. 98 



COUNTERSINKING IN THE SHIPYARD. 



By ROBERT H. MUIR. 



[Rbad bbvobb thb iKSTiruTioK nr Nbwcastlb-ttfon-Tyvb, on 

Jaktjaby 17th, 1896.] 



It is not far from the krath to say no detail of shipyard work has 
received less attention than countersinking, and for anyone to imagine 
that all yards observe the same practice is a great fallacy. 

In bygone days it periodically challenged attention, but unfortunately 
after the immediate difficulty had been got over it fell back into oblivioii, 
the only watchful eye being that of the riveter, whose object was to keep 
it as small as possible. 

A committee charged with the revision of riveters' piece-work prices 
recently were asked to acknowledge and sanction a scale giving a certain 
face-measurement for the countersinks for different sizes of rivets. 
Should this size be exceeded, a certain extra sum to be paid for every 
^ inch over. It will not be necessary to produce the figures, suffice to 
say it was somewhat less than generally prevailed in the shipyard. 

The writer's object in asking your attention to this detail is to solicit 
some definite information, and arrive, if possible, at some agreement as to 
what is the right angle of countersink for the different sizes of rivets and 
thicknesses of plates in shipyard work. They must always distinguish 
between shipyard and boilershop work, as many of the absurd blunders 
which occurred in the early days of iron shipbuilding could have been 
avoided by a due appreciation of the difference. 

During the years 1860 to 1880 almost every yard had its own 
practice, very much according to the vagaries of the foreman plater. 
Now and again the registration societies came down severely ; still, they 
were slow to put the seal of their approval to anything definite, leaving the 
builders a freedom not always wisely used. This coniinued until the 
year 1890, when Lloyd's Committee issued the sketches still appearing in 
their rules. 
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It will readily be granted the larger the counteraiiik to be fillod the 
more work for the riveter, therefore his contention for a less coimtcnink, 
but there mnst be a limit. If the counteraink is too large, the con- 
traction of the rivet in cooling puts a aevere etrain on this part, bo ninch 
BO that the point may fly off, or may euaily drop off if Buhmitted to ii 
sharp blow of a hammer, as when testing. On the other hand, if too 
small, a bnukling strain may start the rivet or pnll the point through the 
plate, and when once started eoiroBion soon set* in. 

Having thus opened the question, reference may now be made to the 
Admiralty, registration societies, and some other proposals. 

A variety of methods prevail in the Admiralty dockyards and private 
firms where vessels of war are built, some of these are given below : — 
(o.) A common role i« 46 degs. tor sll ordiiiarj «iiB« uf rireta. Tliia in timplicity 
itiolf, but it maj be qaeatinned whether it is not too lai^ for 1 in<!h uid 1} 
iDch ri»et« ID thick pUtwi. (8oe KlteUth ou Hnto XSII.) 



(ft.) Tbe fnlluHiiig ia worked ti 



10 dockjsrd :- 



itMihuidlt J 



These angles are very large, if compared with the registration aocieties, 
bnt are not drilled right through the plate. 



ie.) Another dockyard pnretice 


i«!— 


TiiUoM-otFUt* 




H inch. 


40 degs. i inch 


li ., 


40 .. * ,. 


U :. 


40 „ } „ 


1 .. 


40 „ H .. 


i » 


40 „ 1 „ 


J.nd| „ 


40 „ A«ndA .. 


A.ft.^d,'. ., 


50 ,. A,A,»"dA » 


# n 


60 „ A „ 


PUOt. under 1 inch thick, cou 


60 „ ^ „ 
tonink citUndi rifrht thronBh the plate. 



Lloyd's requirements are as shown in Plate XXII. They are, 
diameter of rivet plus half diameter of rivet plus -if inch equal facc- 
measiirtmeut. It will be observed that for any one size of rivet a separate 
drill is necessary for each differtnt thickness of plate. Great difficulty 
would be experienced in complying with this regulation, besides leading 
to endless confuBion. There may be two or even three different sizes of 
rivets in the same plate, each according te rule requiring a separate drill. 
It would be interesting to know how far this is complied with. 
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As an example, take the f inch rivet, according to the riveting table 
it is used for all plates from /^ to ^ inch thick. The face-measurement of 
countersink being 1^\ inches : this, taken in conjunction with the require- 
ment that the countersink must be right through the plate, shows the 
number of drills required. It may be seen more clearly if shown thus : — 



Diameter 
of Rlvel. 


ThioknesB 
of Plate. 


Inch. 


Inch. 


} 


A 


i 


7 


i 


A 


i 


A 


f 


i% 



Face-measurement 
of Countersink. 


Angle. 


Inches. 


Degs. 


lA 


60 


lA 


55 


lA 


50 


lA 


45 


lA 


40 



showing a range of 20 degs. in the angle. 

The writer is not of those who think the workers incapable of com- 
prehending the above ; on the other hand, he is not of those who think 
nothing is right unless accompanied with a complicated formula. What 
is desired is theory and science made practical. The worker, once he 
has got the idea, depend upon it, will, with his foot rule, very soon reach 
the point of the theorist. 

The question of whether the countersink should be through is worthy 
of consideration. Many maintain it is better to stop short of through by 
^ or 1^ inch according to thickness of plate. 




The best reason for putting the drill through is, should the holes not 
be quite opposite each other, as shown in sketch, they are more easily 
drifted. Quite a valid reason from a riveter's point of view. 

For Bureau Veritas requirements see article 27 of their book. Rivets 
and riveting:— "The countersinking of the outside plating and stringer 
plates to be made by drill and to extend at least two-thirds through the 
thickness of the plates ;" no angle of countersink or face-measurement is 
given. 

For British Corporation see section 21 of their book:—" Countersink 
is in all cases to be extended through the full depth of hole, and the face 
diameter ifi to be in accordance with Table 14." 
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The table is simply the diameter of the rivet plus half the diameter 
of the rivet equal the faco-diameter of the countereink. (See table at 
foot and Plate X5II.) 

A cnetom which prevails in ccrtniu ynrdfi is to make a template to the 
angle 81 degs, Lloyd's sketeh for the Ij inch diameter rivet, and make 
all the drills from this template. It will be found this does doI vary much 
from the ligiired dimensions ; it simplifies mattere, and has its advaotikgca. 
Example, the thickness of plate shown on Lloyd's sketch is fg or Jg inch, 
angle of drill 31 degs. if the thioknefis of plate be increaaed to 1 inch, 
the face-measurement would be l^J inch against l|j inch or ^ int^h 
greater. Similarly, in the thinner plates the face-measurement would be 
less than given, and if used for veiy thin plates, say n ^^ ts inch, the 
angle would be much too small. 

Another way of tre-uting Lloyd's rule is to make a template to the angla 
produced by spotting off the face -measurements for Ij, 1, J, j, aodg iueh 
rivets. This angle is 38 degs. 

A common custom before Lloyd's issued their tables wa« diaraet«r of 
rivet ploH | inch. {See Plate XXIL) 

fiodershop practice is to cooutersinlc the ptate fully half throngli and 
906 a mDoh greattir angle ; thus, in 1 inch plates the oomitcnink is onJ; 

7?^ 




I inch deep, the angle is fiS dege., and the fsce-measarement is If inches. 
(See sketch.) 
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With a view to independent investigation test pieces were prepared 
and experiments made under the direction of Prof. Weighton at The 
Durham College of Science testing machine. 






Iron BiTete. 


Steel Plates. 


Bemarks. 


Mark. 


IMameter 
ofBiret. 


Thioknew 
of Plate. 


Breaking 
Load per 
8q. Inch. 


Ansleof 
Countersink. 


A 

B 

C 

D 

E 

F 


H 


Ineb. 


Inch. 

i 

A 

A 

A 

i 


Tons. 
23-7 

241 

22*9 

20*3 

221 

22*3 

24*2 
24,-3 


40 

56 

40 

35 

40 

35 
31 


Rivet sheared ; coantersink just 
started. 

Coantersink pnUed out, and head 
flew off at same time. 

Rivet sheared in countersink 
(suddenly). 

Countersink pulled out» and head 
flew off at same time. 

Countersink pulled out, and rivet 
sheared at same time. 

Rivet clearly sheared in counter- 
sink ; countersink j ust started. 

Rivet clearly sheared in countersink. 



Note. — The rivet gave way in every case, the plate being intact. The rivets 
seemed aU sound with the possible exception of B rivet. 

Prof. Weighton says : " Assuming the specimens were all good 
representatives of a class, I am inclined to draw the following deductions, 
viz. : — 1st, for J inch plates the countersink should not be less than 56 degs., 
and even a greater angle would seem to be not amiss. 2nd, for ^ inch 
plates the countersink should not be less than 35 degs. For other thick- 
nesses the angle of countersink would be in proportion, and therefore, 
8rd, the following would be about the angles proper for the different 
thicknesses : — 

^ inch plate, 56 degs. angle of countersink. 
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}} 


45 


>j 


>j 
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>» 
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This proceeds roughly on the basis of having il constant." (See aketch.) 



--wr 



Complying with the above sn):{,t;stioiiH, speciniens were prepared as 
uodor and tested as before. It will be observed the tap ia set bo as to jiat 
the atrain more on the couiiterahik. (See sketch.) 



^^ 



Rivet dicarcd ili«Dii»lly ; couoter- 

niiik not aUrlod. 
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These were prepared in duplicate, Marks K to N as Buggested by 
Prof. Weighton, and P added to Lloyd's angle. 

These arc all good samplca. Tlie rivet having shenrt'd in every Oise, 
and in no case is there any sign of starting in the countersink. 

lirejit care should lie exercised in keeping the drills in good order; 
whenever they show signs of getting worn hollow they should be carefully 
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ground to standard ganges. There are many causes for irritation in the 
shipyard, one of the chief is to see tools being used long after they ought 
to have been handed over to the tool smith. 

Further, too much care cannot be given to ascertain that the drills 
perfectly true in the bosses, otherwise the drill will take an eccentric 
motion, especially if the punches are faulty, taking more off one side than 
the other. 

Again, when we consider the modits operandiy we come to the human 
element, whether it is the stationary vertical with foot strap or the 
improved radial arm machine, the tools perfect and working well, 
everything depends on the judgment of the driller, his ability to judge 
time ; he cannot see the hole as he stands at a varying distance from it. 
This being so, perfect uniformity is impossible, an approximation is all 
we look for. 

In this paper the writer affirms nothing, his desire being to ventilate 
the subject, and solicit discussion. Some one may say ''Let sleeping 
dogs lie," but is that the wisest policy ? We may presume there is a 
right and a wrong to this, as to most other things, and to do the right is 
just as easy, in this instance, as to do the wrong, when we have found the 
truth. 

The writer desires to express his indebtedness to Prof. Weighton for 
the very careful experiments which were made at the Durham College of 
Science. 



DISCUSSION. 

The ViCB-PaESiDBNT said it might strike one that there was not 
much to say about this subject, but there was a practical interest in a 
paper of this description, and many of them in their experience would 
wish to see considerable improvement in the way holes were countersunk 
in shipyards. In fact, when they read these tables and saw the correct 
angles and sets given and knew what took place in the shipyards, he 
thought there was room for improvement, and gentlemen to give their 
practical experience. 

. Mr. H. Macoll said he had not had time to consider the matter of 
countersinking so carefully as he would have liked. The crux of the whole 
matter was to find out, and do what was right, and ignore the wrong. And 
in this case, as in many others, it came to be, not so much the best possible, 
as the best practicable. As he understood the experiments in the paper, 



^ ^ ^ 



100 DISCUSSION — COUNTERSINKING IN THE SHIPYASD. 

which were very useful and to the point, still they were confined to the 
results of sheering stress. In the case of a lightly-plated vessel working 
heavily at sea there was a tendency for the plate to buckle, and go apart 
by breaking the rivets, or drawing them through the countersink ; and 
experiments were also needed to demonstrate the behaviour of riveting 
under strains tending to pull the plates directly asunder, and he had 
rarely seen records of experiments carried out in that direction ; of course 
they were much more difficult to carry out, and in their absence one could 
only, in the meantime, look to practice and the results of experience ; and 
that certainly opened up a very wide field. Another phase of the matter 
was with great angles of countersink : the fine edges of the rivet were 
more liable to decay from oxidation. Speaking generally, from what he 
had observed, principally in repairs, rivets failed owing to their having 

« 

too much angle in the coutitersinking, and this was more pronounced in 
thin plates, say under ^ths. With plates | inch thick and upwards there 
was, he believed, little to complain of. But there was considerable 
difficulty with the riveting of plates from Y^thB down. Wherever 
practicable he believed strongly in cupping the rivets in these thin plates, 
and where this was impracticable he considered that it was better to make 
the rivets more closely pitched than to increase the angle to any con- 
siderable extent, as by this means the work would be more easily 
nuide and maintained tight, and make moixj satisfactory caulking. 
When the rivets considerably exceeded GO degs. in the angle, especially in 
thin plates, they were apt to be strained in cooling, and thus easily broken. 
And in his exjKjrience he had found the greatest number of what might 
be called original defects in the rivets were at the neck of the counter- 
sink in thin i)lates. In the Admiralty, so far iis he understood, there 
was a general practice in eiich dockyard, but the Siime rule did not 
ajjply U) them all, and generally 45 degs. to 52 degs. was the angle for 
plates of moderatii thickness ; and in one of the examples given there wtis 
a lixed amount of the plate left untouched by the countersinking drill, 
and this practice had a great deal to commend it, iis there Wiis not such 
an excessive difTerence between the diameter of rivet and the face- 
(liaiiH'lcr as was attained by the ordinary practice of conntiTsinking the 
plaU'S all the way through, and this practice, he sn])niitted, was an error, 
('Specially in the case of thick plates. One of the so-called good old ideas 
on this MiKject was to disjX'nse with the countei'sinkiiig drill entirely, 
hy punching the outer shell i>lates with a large holed ))()lsier, which made 
ea>icr punching, and it uuisL he admitted that in some cases this plan 
gave gooil results in practice. But this plan, if tried with the thinner 
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steel plates which are at present in use, wonld, he was afraid, give a 
very unsatisfactory result. One of the incidental advantages obtained by 
the use of hollow or spouted stem frames in steel was that rivets of a 
moderate length were used, say, 3 or 4 inches long instead of 8 to 10 
inches, as in the case of a solid forging or casting ; it being well known 
that it was impracticable to make these long rivets fill the hole solid all the 
way through. This was getting away somewhat from the subject. But 
they had as good a right to look after the one end of the rivet as the 
other. Considering the variety of thicknesses used in shipbuilding, it 
was evident that countersinking, like many other things, must be more 
or less of a compromise. They could not well have the drills being 
continually changed for each plate, sometimes having two drills for one 
plate, or, if so, those concerned must be prepared to find the cost of the 
work considerably increased over the present cost. The leading idea 
of the present day was more in the direction of lessening and simplifying 
modes of work, while anything tending to useless cost and hindrance would 
soon be scouted and disused, and the less complication was introduced the 
greater likelihood there was of getting a good job. This was conclusively 
shown when the attempt was made to introduce the gradation of thickness 
of rivets by ^V ^^ ^^ ^c^- ^^ might be all very well to dogmatise on 
such subjects, evolving the ideas of those on office stools, and there had 
been more trouble and annoyance endeavouring to conform to the -^ inch 
gradation of rivets than anything he remembered for a long time. He 
considered it quite as necessary to take care there was no burr or projec- 
tion between the plates or under the heads of the rivets. In this direction 
lay the cause of far more defective riveting than anything appertaining 
to the countersinking. He hoped before long to see mechanical riveting 
applied to the shell rivets. This would, of course, necessitate accurate 
countersinking, and equally accurate rivet making. Still, in these days 
of standard guages, electrical and other appliances for drilling and 
countersinking, and overhead cranes, it did not seem to be seriously 
outside the resources of our modem civilisation. 

The discussion was at this point adjourned, and the meeting dissolved. 
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NOETH-EAST COAST INSTITUTION OF ENGINEERS 

AND SHIPBUILDERS. 



Twelfth Session, 1896-96. 



PROCEEDINGS. 



FIFTH GENERAL MEETING OF THE SESSION, HELD IN THE 
LECTURE HALL OF THE LITERARY AND PHILOSOPHICAL 
SOCIETY, NEWCASTLE-UPON-TYNE, ON FRIDAY EVENING, 
FEBRUARY 14th, 1896. 



ROBERT THOMPSON, Esq., J.P., Past-Pbesidbnt, iir thb Chaib. 



The Secretary read the minntes of the last General Meeting, held in 
Newcastle, on January 17th, 1896, which were approved by the members 
present^ and signed by the Past-President. 

The ballot for new members having been taken, the Past-President 
appointed Messrs. W. Mills and W. Nevins to examine the voting papers, 
and the following gentlemen were declared elected : — 

MEMBERS. 
Hnmble, Stephen, Jan., Engineer, c/o Messrs. Anti- Attrition Metal Company, 

Limited, Emerson Street, Southwark, London, S.E. 
Robson, George, Engineer, 140, Anrelian Terrace, South Shields. 

ASSOCIATE. 
Kemp, James, Shipowner, Baltic Chambers, Newcastle-on-Tyne. 

GRADUATES. 

Dobson, William Gordon, Shipbuilder, The Chesters, Jesmond, Newcastle-on-Tyne. 

Dodds, John Hanbury, Engineer Apprentice, c/o Mrs. Smith, North Terrace, 
Wallsend-on-Tyne. 

Ross, William Daniel, Engineer Student, 22, Archbold Terrace, Jesmond, New- 
castle-on-Tyne. 

Wright, George Hudson, Electrical Engineer Apprentice, 86, Washington Ter- 
race, North Shields. 



PBOOEBDINOS. 



GRADUATES' AWAED FUND FOR SESSION ELEVEN. 
The Past-President intimated ttiat the amount at the dtspoaal of the 
Council being £7 11b. 9d,, it had been awarded as follows ; — 

To E. F. Moroiiey for paper on " Screw Propellw Shifling".., £2 16 
Tu E. F. Baker for paper uti " SUam l^pea unil Pitting* as 

found on Shipboard " 2 15 

To Mr. A. L. Fo«l«r for li!i opening addreu ... 2 19 



and explained that the money was generally spent on bookB, and he bod 
mncb pleaanre in declaring the Conncirs award. 



paper on " Connterunking in 



The discaseion on Mr. R. H. Mair' 
the Shipyard " was concluded. 

Mr. K. C. James read & paper on "Some Stnicturul Dutaihi of 
Modem Bhipe." 
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ADJOURNED DISCUSSION ON MR. R. H. MUIR'S PAPER 
ON "COUNTERSINKING IN THE SHIPYARD." 

The following cominunication from Mr, Archibald Denny was read 
by the Secretary :— 

Dear Mr. Duckitt, 

Being so intimately connected with the British Corporation Registry 
of Shipping, it will not surprise you that I think their rule for counter- 
sinking the best, and I am strengthened in my opinion by finding on 
enquiry that this is the rule generally worked to by iron foremen. 

It is true that some cases do occur where rivets of different sizes are 
used in the same plate ; the differences in size are, however, as a rule, not 
great, and there is no serious error in using the same countersinking drill. 

If a smaller angle of countersink than has been the rule could be 
adopted, which would ensure the plates being properly brought together, 
it would undoubtedly be advantageous, and reduce the labour of the 
riveter ; but unless some good reason is brought forward for changing 
the practice, which has been found by long experience to be the best, I 
think we should 

Rather bear those ilia we have, 

Than fly to others that we know not of. 

As to the riveters' price list being based upon face-measurement for 
different sizes of rivets, I think this would be a fatal mistake. It is 
undoubtedly true that the work of the riveter is increased on ^he same 
size of rivet, with a larger counEersink ; but it appears to me it would be 
better to base prices upon the size of rivet in different thicknesses of 
plates rather than specify the face-measurement of the countersink. One 
can easily imagine the constant troubles there would be (intentional or 
unintentional) if such a rule was adopted. Countersinking is not, and 
never can be, practically a scientific operation, depending as it does 
largely upon the skill and experience of the countersinker. The ability 
of the rivet boy to heat the rivets properly would help or hinder the 
riveter's work much more than differences in countersink face area. I 
am not prepared to say that it would not be a good thing in thick plates 
to depart from the present rule of carrying the countersink entirely 
through the plate in preference to only partly through. 

Archibald Denny. 

Mr. George N. Arnison said in looking over this paper he thought 
the subject had been so well treated as to disarm discussion, for it was 
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difficult to say much abont a paper with which one practically agreed. 
He thought, however, it was a pity to allow a paper to pass away without 
Baying a few words upon it— it was not encouragiDg to the writer when 
there was little or no diacussiou. He thought they ought to compliment 
the writer upon the very clear inanner in which he had treated his subject, 
and also for having had these CJcperimeuts carried out, as they would 
certainly prove a valuable addition to the stock of information they had 
in their Transactimu. The only point he would like to call attention to 
waa whether it was impossible to get rid more or less of tbe baiDan 
element in conn ters inking. Anyone who had bad to do with the 
machine riveting of shell plates would know something of the different 
sizes of countereinks owing to this human element. It was a very awk- 
ward matter, for instance, when the riveter had got a certain length of 
rivet with which to fill a hole, if the countersinking were correct, that rivet 
filled the hole, whereas if the countergink were a little too small then tbe 
rivet was too big to fill the bole, for the point waa spread over the plate 
noccasitating it being dressed up when cold, and if the conntersink were 
too big the rivet did not completely fill tbe bote. He had seen these 
variona results in riveting garboard strakes of abont an inch in thick- 
neni. A slight variation in the countersink made a considerable dilTcr- 
enou in the finish of the work. In the Government dockyards now they 
were enjplojing ekftrioal drilling mnchinoa very coiisidenibly, and it 
occurred to him that the solution of the difficulty he had mentioned 
would be realised if electrical portable drills were commercially economical, 
and designed so that the countersinking process would cease at the proper 
place by a stopping arrangement, and so give to every hole of a given 
size an identical conntersink. He thought they were on the eve of a 
further development of electrical power, and makers of electrical driven 
tools might turn their attention to the subject of countersinking in ship- 
yards with mutual advantage to shipbuilders and themselves. He saw in 
that day's Engineer a column abont what they were doing with electrical 
drilling in H.M. dockyards, but he failed to see anything respecting 
countersinking ; but if success were attained in drilling, he did not Bee 
why they sbould not liiivc similar suca'sa in countersinking, and where 
a liir^^'c amount of work was being done he thought it would prove an 
advantiifie. 

The PAST-PnESiKEXT Said lie admired Mr. Miiir's paper very mncb 
for the concise way in which the information was given. He had always 
looked niton countersinking as one of the most important items in the 
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work of a shipyard. He (the Past-President) saw Mr. Muir referred, in 
the latter part of his paper, to the manner of countersinking. There was 
another matter he had noticed in his experience, that was, wherever they 
had to put in a big bolster and they got the countersink pretty much 
punched out, in that case when the countersink was put in, it barely just 
cleaned the hole up, and when riveted he did not think it made so 
strong or good a job as wh6re the bolster was kept small and well counter- 
sunk, because the nature of the material was damaged and they did not 
get an uniform countersink, as the bolster wore with continual punching. 
They were very apt to get uneven countersink, and consequently could 
not get such good workmanship. With regard to electrical drilling, they 
did not need to go to the Admiralty to see it. He had a machine in his 
works both drilling and countersinking, and it had done the work very 
well indeed. It was made in Austria, and was certainly a very clever tool. 
Personally, he felt very much indebted to Mr. Muir for bringing this 
paper forward, for, as he had said, he thought countersinking was one of 
the most important details of work they had to do in putting iron or 
steel ships together. He thought the tables Mr. Muir had given them 
would have a great deal to do with the future work of countersinking. 
He wished some other shipbuilders had given them their experience in 
comparison with the statements and experiments in the paper. He was 
rather sorry they had not more shipbuilders present, he could not say to 
criticise the paper, for it was a statement of facts, but it would have 
added to the value of the paper had some shipbuilders given them their 
experience, and so either confirmed or contradicted Mr. Muir's proposed 
countersinks. Personally, he was very much in favour of them. 



MR. MUIR'S REPLY. 

Mr. R. H. Muir, in reply to the discussion, said he was greatly 
indebted to those gentlemen who had assisted in the procuring of facts, and 
to Mr. MacoU for the great interest he had taken in the paper. The other 
day he had a conversation with Mr. Watts, of Elswick shipyard, and 
while he could not give him any definite information, he said in the years 
1878 and 1884 he was one of the executive staff who were entrusted by 
the Admiralty to scheme out countersinks. Unfortunately, the results 
were not to hand. Mr. Macoll in his remarks said the experiments only 
gave the shearing strain. Well, after a good deal of thinking all round 
the matter, the shearing was the only thing they could arrive at ; but as 
they would notice from the sketches, the plates were flanged so as to 
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bring the pulling strain first on the conntereink, and if the coanteroi^ 
was williag to come, it would come or start. One or two of tbe eiperi- 
mente (ece experiments, marks A, B, D, and B) bLow the point was 
drawn through. These were purposely conntermmk to an angle very 
much too small. He iigreed that the failare of many rivets was tlie fault 
of too large a conntereink being oscd, or too small. As to cracked rivcte 
being found in repair work, there might be a few cracked rivets found Jn 
old vessels, and this was not to be wondered at. Many things contri- 
bat«d to it: vessels lying alongside one another in rivers or roadways, 
ftgniimt i]nay walls, grounding, etc., were continnally subject tu bamping, 
all tending to crack or start rivets. It was a very common exporionc* to 
find rivets cracked at the necks in old steamers. Few iron rivets wonld 
stand two blows of the hammer without flying away ; he bail seen 
hundreds cleared off as an experJaient with a 7 lb. hammer. Another 
cause of cracked rivets was finishing off at one operation, instuod of 
giving the rivet lirne to contract iu cooling. Tlic contraction helped to 
draw tbe plates together, and by knocking down another rivet in front, 
then going back to finish oS, made a closer and tighlcr job. Ht^ 
(Mr. Mnir) could not sec any method in the dockyard table of angles 
(page 94). What they tried to arrive at in the experiments he raiwlc was 
to keep d (see sketch, page $S) constunt Profeesor Wei^hton's tables 
were so baswi, and they ivoiild si't Ui'- iinglea came down very rapidly. 
He (Mr. Muir) was exceedingly obliged to Mr. Denny for his oom- 
mnnication. Aa chairman of the Technical Committee of tbe British 
Corporation Registry of Shipping, his experience was wide and therefore 
valuable. In bis remarks he said he did not think any serions error 
would occur from using the same drill on tbe same plate for different 
sizes of rivets. This, be (Mr. Mnir) believed,.wa8 a general rule in the 
shipyard. Tbey never altered the drill in passing from j inch to | inch, 
or from J inch to 1 inch. If it were possible to come to an easier method 
of having fewer drills, there wonld be less liability of the men making a 
mistake. If the number of drills were reduced to four, be would soggest 
the following : — 



a .. n .. 25 ,. 

Tlic coiuitt-rsink for all plates up to J inch thick to be right through, over 
j inch, i inch to J inch to be left. The tool smith and countersinker 
|;sbou!d be supplied with st«fl plate gauges to ensure the drills being 
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properly made and ground. Mr. Arnison had referred to the human 
element ; well, that was the crux of the whole matter. So far as electrical 
drills were concerned a countersink drill of the kind suggested, with a 
shoulder on it, would be a very valuable tool. He wished some oi 
their engineers would scheme one out He was pleased to know that 
Mr. Thompson had one of these electric drills, and some day he might 
avail himself of the opportunity of seeing it. 

Mr. Thompson — Very pleased to show it to you. 

Mr. MuiR — But why was it necessary to go to Austria for it ? 
Punching the plates with a wide bolster could not be relied tipon for 
watertight work ; it was sure to leave a burr, besides destroying the fibre 
of the material round the hole. He again thanked those gentlemen who 
had assisted him with information, and especially Professor Weighton 
for his kindness in making the experiments. 

The Past-Prbsident had much pleasure in moving that the best 
thanks of the meeting be given to Mr. Muir for the valuable information 
he had given them. 

The vote was accorded by acclamation. 
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ON SOME STRUCTURAL DETAILS OF MODERN SHIPS. 



By M. C. JAMES, M.I.N.A. 



[Rbad befobb the Institution, in Nbwcastlb-upon-Ttne, on 

Fbbbuaby 14th, 1896.] 



Since the inaaguration of this Institntion numerous papers treating 
on the introduction of new types of vessels, or improvements either 
effected in, or proposed for, existing types, have been read and discussed 
at its meetings, but a retrospective glance through^ the Transactions shows 
that comparatively few opportunities have been afforded the members for 
reviewing and criticising the many changes that are constantly being 
introduced in the structural details of ships ; indeed, the decade that has 
passed since the first session of this Institution was held has been a period 
of almost unparalleled inventive activity and progress in shipbuilding 
practice^ and it has been particularly prolific in innovations on, and alter- 
ations in, old-established usages. Abnormally low prices have prevailed 
during the greater part of the time in question, and they, no doubt, to a 
large extent have been the exciting cause of these reforms. Experience 
has shown us that periods of depression are not without their uses, hence 
the weary succession of lean years and the consequent keen competition 
in the shipbuilding trade have apparently quickened the contriving 
faculties of shipbuilders, and led them to set their wits to work to devise 
the most economical arrangements of material and methods of work. 

For the most part these alterations and developments are not of 
suflBcient importance of themselves to demand separate papers. The 
writer, therefore, proposes to treat upon as many as can be done anything 
like justice to within the ordinary limits of a paper, believing it may 
fairly be assumed that a full discussion on these points would be likely 
to do much to further encourage the spirit of progress that has fortunately 
during recent years entered so largely into shipbuilding practice. 

In reviewing some of the forward movements in structural arrange- 
ments it may perhaps strike those of the more ardent progressionists 
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that the advance has not been so great or so fast as it might have been, 
but there has never been among shipbuilders generally a tendency to 
hastily effect or adopt revolutionary or radical changes in ships' structural 
details. Progress has not, it must be owned, proceeded at dangerous, 
record-breaking, express speeds, but rather with measured, slow, yet sure 
steps. As the late poet laureate says, *^ Science moves but slowly, slowly, 
slowly creeping on from point to point " ; but, in addition to this wisely- 
ordered law of gradual scientific progression, there have operated in the 
case of ship construction very powerful retarding influences ; many of 
them, it is true, have been overcome and passed away with other old 
things, others, however, still remain, and are potent factors that have to be 
reckoned and dealt with whenever an attempt is made to introduce any 
departure from established practice in the arrangement of structural 
details. 

As most students of the history of shipbuilding are aware, the 
abandonment of wood for iron as the leading shipbuilding material came 
about somewhat suddenly ; consequently the work of building iron ships 
was thrown perforce into the hands of wood shipwrights, most of whom 
started to work in iron with a very strong prejudice against the new 
material ; they were, besides, in an unfortunate state of ignorance as to its 
qualities and capabilities. It has certainly taken quite a quarter of a 
century to throw off the throttlinir incubus of some of the unmethodical, 
un^-cit'iitiiic, and wasteful combinations of parts that <j;rew into shipbuild- 
ing practice through the not-to-be- wondered-at desire on the pait of the 
early iron sliipbuildei*s to retain the old material as far as ever possible, 
and to assimilate most of the parts of the structure after the manner loui; 
established in the days of wood shipbuildinir. Owing in no small measure 
to increased facilities for ac(jiiirin<,^ technical instruction, and to wider 
^^'neral knowledj^e, these })rejudices and errors have, in time, been bit-by- 
hit removed; and both wood and W()0<1 shipbuilders' methods have gradually 
Urn displaced. Iron, as we know, for some years held full sway, but it 
has had in time to ^ive way almost entirely to the newer material, stei*!. 
Numerous old-fashioned structural arranirements have become thinjjfs of 
tin- past, tlu" ad()]>tion of mild steel in shi]»bnildin<i^ havinj,^ particularly 
tacilitatecl and accelerated the chanL^es : but whilst these altemtions have 
Ih'tii in pro^M'ess there have been in operation all the time, and even yet 
lo a crrtain extent exist, the eloir^Mnjr and hinderin<r effects of the rules 
(.f tli<- \;iri()ns rr<:istrati<)n societies for the IjuildiuL" and chussilication of 
vessels. Far be it from the writer to imply that these rules have not, 
on the whole, Inen in fairlv close touch with the state of shipbuilding 
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knowledge for the time being, but unfortunately in many quarters there 
prevailed for far too long a period a disposition to unquestioningly accept 
the provisions of the rules, to look upon the combinations and arrange- 
ments of parts contemplated and provided for therein as perfection, and 
to regard them as being quite beyond criticism. The natural effect of 
this state of things has been to foster mere unthinking repetition, to stifle 
originality of thought, deaden the inventive faculties, and stultify and 
retard progressive efforts. There has, moreover, been regularly kept by 
the leading registration societies a plentiful stock of cold red ink always 
ready to be thrown over anything at all approaching a new or novel 
arrangement of details not laid down or arranged for in the particular 
society's book of rules, which some original-minded shipbuilder might 
have the temerity to submit for approval. Whilst it must in fairness 
be granted that it is not the province of such corporations to initiate 
improvements, it must with equal justice be claimed that by far the 
greater number of the improvements in the structural details brought 
about in modern shipbuilding practice have only been carried into effect 
practically in spite of the societies, and rarely with their spontaneous 
concurrence ; in fact the official approval has, in most instances, only 
been in the end reluctantly obtained through very persistent efforts on 
the part of those bringing forward the proposals. 

Yet another brake force that has curbed most effectively any very 
rapid alterations or progress in structural details is to be found in the 
limited capabilities of the iron and steel manufacturers, which exercise a 
powerful confining influence on the range and extent of improvements 
and developments in the forms and combinations of parts of the 
structural members. Steel and iron manufacturers have, like shipbuilders, 
been moving steadily ahead, and by means of improved processes of 
manufacture and the adoption of more efficient machinery they have 
added considerably to their capabilities in the direction of supplying 
larger and wider plates, and a much greater variety of bar sections, at 
prices compatible with economical ship construction ; this progress is 
being maintained, and even greater strides may reasonably be looked for 
in the future. 

Having briefly drawn attention to the causes which, in the writer's 
opinion, have chiefly affected the development and improvements in the 
details of ship construction, he now proposes to present for consideration 
some of the leading improvements that have been introduced. 

Keels, — Plain flat plate keels have been extensively adopted in prefer- 
ence to some of the more complicated hollow, dished, and other fanciful 
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forma that have betn suggested, and in some rare inatancca adopted. 
PlaU; keels have also largely superseded the old-fashioned projecting keel 
(a relic of the old wood ships), whether litted as a solid forged bar, or 
bnilt up with slabs or side Imre ; this latter form of keel being especially 
objectionable on account of the costly character of the repairs in case of 
damage ; aud, of course, there is a considerable diminutiou in draught <A 
wat«r when a flat keel is adopted, though the steering la aomewhat I>i»- 
judicially affected in full ships. 

Sttms, — The ordinary forged bar Bcction is still retuned, bat a acor^ 
at the region of the load-line is frequently introduced in it, which 
oonsidcrabty facilitates repairs in many cases of bow damage. TUa 
jiniotice of shaping the foot of the stem bar to the form of the vessel 
iu vase of plate keels h^ been idinost entirely abandoned in favour of a 
plaiu bar of rectangular sectiou connected to centre intercostal plates, 
UQ arrangement wliieh, whilst making a sounder connection in the first 
instance, further simplifies renewals in case of damage. 

SUmjwsU.—Oac of the most mairked features iu oonuection with 
modem practice, is the very general adoption of the curved or crinked 
form of the inner or propeller post. When counected to flat plate keele, the 
heel pieces are not infrequently made as in the case of the stems deecribed ^ 
above, and sometimes three vertical scarphs are introduced into the stern I 
fntuie, two oil thi; after post, and oue on the inner i>ost, and they are 
found to lessen and simplify the repairs in case of a fractured post. 
A recently patented arrangement provides for fitting these scarphs 
horizontally instead of vertically (Fig. 1, Plate XXIII.), and it is claimed 
for this method of fitting the scarphs that it greatly strengthens and 
stiffens the stempost. 

RudderB. — Bnilt rudders of the old style with forged iron stocks and 
frames plated over, with the intervening space filled in with wood or pitch, 
have given place to a lai^ extent to rudders consisting of a single thick 
plate fitted between horizontal arms projecting from a cast steel stock ; or 
to solid cast steel rudders. Both of these newer forms have the advantage 
of being free from the troublesome bow and seam rivets found in the old- 
faahioned built rudders. Id some cases this style of rudder has caused 
trouble and expense owing to Iractures developing in the arms or stock 
throi^h faulty castings. A very common practice nowadays is to con- 
struct rudders with a horizontal coupling between the blade and the stock, 
just under the counter (Fig. 1, Plate XXIIi.), and this, together with 
portable pintles, have been proved to be very convenient and labour-saving 
devices when the mdder requires uusLippiug, which operation is rendered 
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still less difficult by a recently patented arrangement of attaching the 
blade to the stock by means of a vertical instead of a horizontal coupling 
afi shown in Fig. 2 (Plate XXIII.). 

Framing, — Not a few important modifications have been adopted in 
connection with the system of framing ; some of these have been intro- 
duced with a view of increasing the transverse strength sufficiently to 
allow of strong hold beams being dispensed with, and to this end web 
frames have been very largely adopted, and with considerable success, but 
in some instances they are objectionable on the score of interference with 
the stowage of such cargoes as timber, rails, etc., and, besides, they only 
afford local stiffness, forming, as the late Mr. Scott Eussell so aptly puts 
it, " knuckles in the cane," so for as longitudinal strains are concerned ; 
moreover, very awkward pockets are formed behind the diamond-shaped 
plates which cover the connection of the web plates and stringers, though 
this drawback has sometimes been partly got over by fitting half 
diamonds and a deep bar as shown on Fig. 17 (Plate XXIV.). 

Another system of framing has of recent years come much in vogue, 
and is now being very extensively adopted in large vessels ; it is what is 
commonly called the "deep frame" or "girder frame" system, shown in 
Fig. 8 (Plate XXIV.). In this arrangement, the main frame and reverse 
frame are of the same size, and they are lapped together transversely 
sufficiently to take a row of connecting rivets. Difficulty has been 
experienced in efficiently connecting the keelson lugs on this description 
of framing. Sometimes the lugs have been fitted as shown on Fig. 8 
(Plate XXIV.), but there is not then sufficient landing on the reverse bar 
to make a satis&ctory job. Another method has been to fit wider lugs 
with packing pieces in between the lug and reverse bar (Fig. 4, Plate 
XXIV.). 

The difficulty can, however, be obviated and a satisfactory combina- 
tion made by altering the position of the reverse bar, ».«., fitting it on the 
inside of the main frame, as shown on Fig. 5 (Plate XXIV.), thus dis- 
pensing with filling-in pieces. 

This deep system of framing possesses many advantages, the principal 
of which is that it affords a more uniform distribution of transverse 
strength than the web frames do. Although with the deep frames there 
is a certain amount of loss in the interna] hold capacity there is practically 
HO broken stowage, and a considerable reduction is effected in the under 
deck tonnage ; besides, the substitution of a heavier and thicker bar for 
the old-fashioned small-sized reverse frame is a step in the right direction, 
as there is great waste and loss by corrosion on reverse frames, especially 
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on their fore-and-aft flanges. The wider frame gives more space for 
riveting the Bhell behind the reverse frame, and allows more room for 
cbipplng and painting, an important conaideration, seeing the neglect<id 
state the back aorfacea of the revurBe frames are too fre()DeDtif fonnd is 
old flhipH. 

Following the practice obtaining in war ehip construction, Z frames 
(Pig. 6, Plate XXIV.) Lave oecaHioually been adopted for merchant 
vessda, but only to a limited ext«nt, because this section of bar is expensive ] 
to moke, at times troublesome to obtain, costly and dillicDlt to manipnlate . 
in bending, bevelling, puuchin<;, cutting, etc., althoiigb tbearvtiutlly it . 
is a more efficient section of frame than one foimed of two bars rivctod 
together. ] 

Obannel section frames have also been used with considerable buccimb 
(Fig. 7. Plate XXIV.) ; bat there arc the same objections to them, and 
the itauic hindrances to their extensive adoption that apply to thu Z fraiiuM, 
with the additional difiiculty of getting in, plying up, and holding on to 
the shell riveU behind the reveret; Qange. 

Bulb angle fmmes are fre<]uontlj used, and with very aatisfaclory 
results. They are particularly well adapted for framing in peaks, especi- 
ally peak tanks, and in coal bunkers, where there is no need of the reverse j 
flange fur attaching battens, etc., and where ordinary revcree frames am ^ 
fgniid tu WiiHle with startling rapidity, pirtiijuliirly when tbey ;nv of steel. 
The bulb angle section of frame can also be easily chipped and painted. 
In the cargo holds the absence of the longitudinal flanges of the reverses 
whereon to attach the cai^ battens is somewhat of a drawback, thongb 
this can be partly overcome by securing the sparring to the frames by 
means of hook bolts (Fig. 8, Plate XXIV.). Doable lugs are also 
required to form the keelson attachments, and the bulb angles are ratiier 
more difficult to handle in beading and bevelling than are plain angle 
bars. 

Most shipbuilders have looked forward to a time when that theoreti- 
cally perfect arrangement of framing, the longitudinal system, wonld be 
universally adopted, but practical difficulties have outweighed theoretical 
considerations, and this method of construction has only come to be 
employed in a modified form to the bottom of ships, and it would seem 
that we must be content to go on yet awhile building the topeidcs on 
the time-honoured transverse plan. 

Beams. — Very little altoration has taken place in the forms of beams 
used for ahipe; but owing to the cheaper rate at which they can now 
be produced, there is at present a tondency to apply, to a mnch greator 
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extent than formerly, butterly or T bulb bars of large section for hold 
beams, in lien of beams composed of bulb and angles. Double channel 
bars, too, are sometimes used for hold beams and beams connected to web 
frames. 

Keelsons and Hold Stringers, — Numerous new combinations and 
arrangements of the component parts of keelsons have been introduced 
into practice ; the old style of keelson formed of a single bulb plate and 
two angles (Fig. 9, Plate XXIV.) has been in several instances superseded 
by the double bulb angle section (Fig. 10, Plate XXIV.). The old- 
fashioned arrangement of hold stringer, consisting of a plate connected 
to the shell by short bars between the frames, to the reverse bar by 
two longitudinal bars, and its inner edge stiflfened by two angle irons 
(Fig. 13, Plate XXIV.), has in sundry vessels given place to a simpler 
arrangement, such as the substitution of three larger angles in place of 
the four bars (Fig. 14, Plate XXIV.), or two large bulb angles, together 
with a thick stringer plate (Fig. 12, Plate XXIV.), and again in some 
rarer instances a stringer plate flanged directly to the shell plating with 
only one longitudinal bar connected to reverse frames and one facing 
angle, both fitted underneath the plate, thus giving a flush surface 
(Fig. 15, Plate XXIV.). Either of these modified arrangements give 
fewer ply for riveting. The exceptionally heavy bulb angles, however, 
are somewhat difficult to effectively close up in riveting, and their great 
width necessitates a special arrangement of rivets ; they are, besides, 
awkward to bend and set at the ends of the ship. Flush surfaces on 
keelsons and stringers are very desirable, as the old H section is most 
objectionable on account of the channels formed by the upstanding 
flanges of the bars on the top side ; grain, coal, etc., are apt to lodge 
therein, and these spaces are most difficult to clean and paint, conse- 
quently, excessive corrosion is liable to go on unchecked. Occasionally, 
the 'tween deck and lower deck stringer plates, instead of being scored 
over the frames and reverses fitted against the shell, and connected 
thereto by short angles, have been fitted only against the inner edge of 
the frames, and the connection to the shell has been effected by means of 
wide angle irons or flanged plates (Fig. 16, Plate XXIV.), thus entailing 
a considerable saving in both labour and material. 

After long and strenuous efforts on the part of shipbuilders Lloyd's 
yielded to their representations, and eventually allowed the keelsons to be 
severed at the bulkheads, and attached thereto by bracket knees; thus 
avoiding piercing the plating of bulkheads to allow the keelson bars to 
pass through, and dispensing with much difficult and unreliable work. 
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Bulkheads, — Bnt little alteration has taken place in the arrangement 
>f these structures excepting as regards the stiffening, which has received 
considerable attention. The arrangement of the stiffeners has been 
much augmented and improved, the increase in the breadths and depths 
of vessels during late years having produced larger areas of bulkhead 
plating and greater strains on same. The ends of the stiffeners are now 
much more efficiently connected than formerly. In a few instances 
stiffening bars have been omitted and the plates flanged instead (Fig. 18, 
Plate XXV.), and in other cases the plates have been joggled at seams, 
so as to afford flush surface for stiffening bars (Fig. 20, Plate XXV.). 
Another system of stiffening recently introduced consists in double 
flanging the plates (Fig. 19, Plate XXV.), thus forming very effective 
stiffeners on each vertical strake of bulkhead plating without using 
stiffening bars. 

Shell Plating. — Although the question of how best to fit the strakes 
of plating forming the shell was a problem which greatly exercised 
the early iron shipbuilders, and led to many curious plans being 
proposed, the "sunk and raised," or, as it is better known, the "in 
and out" system of shell plating was adopted by practically universal 
consent, and has been almost exclusively employed. Very little alteration 
has taken place in the arrangement of the shell plates, but the introduc- 
tion of steel rendered pi-acticable the production of much larger and 
wider plates than was possible in the manufacture of iron, and of these 
some shipbuilding^' firms have lar^i^oly availed themselves, and now pride 
thomsolves oil the ex'ccedin^rly lon^]^ shell phites and deck plates used in 
the construction of their ships, thus entail in<:^ fewer butt joints, and 
consecjuently making a stronu^er and lit^hter structure. Other builders, 
however, have not thought it worth their while to lay down specially 
lontij rolls, planinji^ machines, etc., and provide the heavier tiickle 
neeessiiry for manipulating^ these unwieldy plates, or risk the labour 
complications that may be thereby entailed. Moreover, many ship- 
owners are chary about liavin<j^ such lars^e plates fitted in their ships, 
having in view the fact that the majority of repairinir establishments are 
not e(iui|»i>ed with the requisite phmt for {•()j)ini^ with them. 

RcLrardin^' the butts of the shell plat<,\s it is rather amusini^ now to 
think of the feeliIl<^^s of horror willi which most shipbuilders and ship- 
owners received the >u,L:i.'cstion to overlap ihc shell butts, but time has 
curetl all this, sentiment has •(iveii pla<'e to practical utility and economy, 
and the overlap|K'«l buits have trradiially emeri,a*d from tlu-ir original 
posit ii)n under tlie flat of the bottom, and crept strake by strake up the 
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sides, antil nowadays it is by no means uncommon to find the shell bntts 
overlapped throughout, including even poop, bridge, and forecastle sides 
and stem plating. Experience has demonstrated that the adoption of 
this form of joint was a step in the right direction, for the overiap butt, 
whilst being lighter and cheaper than the strapped butt joint, stands 
better, and does not waste or need recaulking to anything like the extent 
the edge-and-edge butt did. Overlapped butts are very often associated 
with scarphed seams, the tapered packing being thus done away with, 
and a neater, lighter, and more efficient finish is obtained. 

Perhaps the boldest and most novel alteration in the custom of fitting 
the strakes of shell plating, is that which has been so successfully 
brought into vogue on the Wear during the last two years. The writer 
refers to what is called the patent " joggled system of plating," shown 
on Fig. 23 (Plate XXVI.). The idea of forming the seam connections 
of strakes of plating in this fashion is by no means a new one, but it is 
due to the courageous originality and inventive skill of an eminent firm 
of Sunderland shipbuilders that the mechanical difficulties standing in 
the way of the practical application of this method to shipbuilding work 
have been effectively overcome by means of the introduction of simple yet 
ingenious machinery, which has been devised and patented by them for 
forming the " joggle '* on the edges of the plates. As will be seen by 
reference to Plate XXVII., the machine in question is in general appear- 
ance and arrangement somewhat like an ordinary vertical punching or 
shearing machine. Outside of the plate gap revolve top and bottom 
rollers, placed at a suitable horizontal distance from one another, these 
having spherical edges, the plate is joggled without sustaining any injury. 
Of course it would not be possible to treat ordinary ship quality iron 
plates in this manner, but with mild steel no such difficulty presents 
itself. 

Although some additional work is entailed in joggling the edges of 
the plates forming the outside strakes, there is, on the whole, a saving of 
labour by this system. The punching and fitting of the packing slips 
being entirely dispensed with, the three-ply riveting at the frames behind 
the outside strakes is done away with, and shorter rivets are required. 
The leading structural advantage gained by this system — which, by the 
way, seems particularly well adapted for oil tank steamers — is the fitting 
of all the shell strakes directly against the frames, and the consequent 
abolition of the packing slips or liners behind the outer or raised strakes. 
These only added weight without contributing in any way to strength, 
and conduced to bad workmanship. 
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There is, besides, » saving of packing in the deck and tank top platinc; 
wlien the joggled syetem is extended to these parts of the ship, and tht- 
bulkheads, too, may be constructed on the joggled plun, as a flush Burfiioe 
is then provided for the stifFening bars. In addition to these economies in 
weight and practioal advantages, the writer understands that the patentees 
further claim credit for the weight of the bulklieail linera which moat 
needfl be omitted when joggled shell plates are adopted, bnt he fails 
to ttec upon what ^unds the registration societiea can sanction the 
leaving ont of these liners without wkujuate coiupcnsution being intro- 
dncod, bcoau«e bulkhead liners are not. as is too often snppoaed, mere 
pocking pieces, bnt they are imjwitant structural members, forming na 
they do compensating strajis over the weakened section of the tihell throagh 
the double line of clost'ly-spaced rivets in the bulkhead frainiw, and if they 
gre not fitted then some well-coneitlered arrangement of brackets ghonld, 
in the writer's opinion, be fitted between the shell plating and the bulk- 
head, or the bulkhead frame might be kept sufficiently inboard to allow t, 
curitinnoua liner strap being placed behind the weakenetl Rvclion of tho 
shell. No doubt the " joggled shell " affords, on the whole, greater 
BtmctnrBl strength due to the stiffening of the shell plat«i by the joggling 
prooeaa, and if the jog-jlcd scams arc well fitted the shearing gtrains on. 
the BcJirti rivf'lw will he som(;wh!it reduced. -J 

It is claimed, too, that there is a very appreciable economy in cost of 
production, the saving on the riveting and packing alone being largely in 
excess of the cost of the additional labour entailed in jo^ling the 
plates. 

Regarding the saving in weight due to the adoption of this system, it 
is calcnitited that a reduction of from 3 to 3 per cent, is effected, and after 
allowing for loss of displacement through the absence of the projecting 
outside strakcs, the patentees estimate that on an ordinary 5,000 ton cargo 
steamer there is a net increase of some 35 tons in the vessel's deadweight 
capacity, an advantage not to be despised by shipowners in these cloee- 
cutting times. 

The principal objection against the joggled system, from a shipowner's 
point of view, is the difficulty of efTectinj; shell repairs until the time 
comes when jogarling machines will be found iu most repairing establish- 
ments, for hand joggling wonid be a slow, cosily proceeding. All things 
con>iidcrod, however, the advantages of the joggled Bystcin greatly ontweigh 
the diwulvanlJiges, and it is more than prolwble that it will force its way 
ahead by virtue of the imi>ortanco of its merits, and its general adoption 
should only \x a quoslion of time. 
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Another scheme having for its object the exclusion of shell packing, and 
the direct attachment of the shell plating to the frames, has been patented 
by a well-known consulting engineer of Liverpool. The arrangement 
consists of flanging the seams to a moderate angle, as shown on Fig. 21 
(Plate XXV.)j and slotting off a portion of the inner plate where it crosses 
the frames. No practical shipbuilder ia likely to attempt the adoption of 
such a complicated plan, the slotting of the plates would be a tedious, 
costly, and difficult operation, especially at the ends of the vessel, where 
it would be almost impossible to carry it out, and the seam riveting at 
the frames would be extremely unsatisfactory and unworkmanlike ; the 
effective width of the strake would also be reduced by the slots, and 
every plate in each strake would require to be machined in flanging, 
instead of alternate strakes only, as in the joggled system. 

Yet another device for obtaining a direct attachment of both the 
raised and sunken strakes of shell plating to the frames is now being pro- 
mulgated ; indeed, the writer understands that in one instance at least it 
has actually been carried into effect on the Clyde. By the plan in ques- 
tion the frames are joggled so as to form recesses into which the inside or 
sunken strakes are fitted, somewhat as shown in Fig. 22 (Plate XXV.), the 
joggling is done on the bars before they are bent. Many and great 
practical difficulties present themselves in the adoption of this system, 
but machinery might be devised that would to some extent lessen them, 
on the face of it, however, this plan does not seem one likely to be 
generally adopted. 

Double Bottoms. — Cellular double bottoms have now almost completely 
superseded the old girders-on-floor system of construction. The cellular 
bottoms are usually built either with solid deep floors on every 
frame, and one or more intercostal plates fitted between them 
according to the beam of the ship (Fig. 25, Plate XXVIII.), or 
with solid floor plates fitted on alternate frames with two or three 
intercostal girders worked between (Fig. 26, Plate XXVIII.), the inter- 
mediate frames consisting of deep angle irons kneed to the centre keelson 
and tank margin plates, stiffening angles being fitted under the tank top 
plating, or the plating thickened in lieu of same. Opinions are somewhat 
divided as to the relative merits and demerits of these two systems of 
cellular construction. It is claimed for the former that there is better 
distribution of strength, less riveting, smaller areas of unsupported bottom 
plating, and that both the tank top and shell plating are efficiently 
stiffened. On the other hand, the advocates of the latter system claim 
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that it is somewhat simpler and less costly to construct, and at the same 
time more accessible and roomy for riveting, repairs, cementing, etc. 

One of the greatest troubles, indeed the crying evil in modern steamers, 
more particularly in those built of steel, is the startlingly rapid corrosion 
of the tank top plating, floors, and intercostal plates under the boOers. 
In many instances these parts have been found entirely eaten through in 
even four years, thus entailing very expensive and diflBcult repairs. In 
fact so serious has this trouble become that many shipowners will not 
have a ballast tank fitted under the boilers, but have the No. 2 tank 
arranged to extend some three or four frame spaces into the stokehold, 
and the No. 3 tank to extend under the engines only, thus leaving a large 
well under the boilers (Fig. 27, Plate XXVIIL). It is, however, a very 
serious matter to lose the advantages of the inner bottom in such a 
vitally important part of the ship, because in the event of the outer 
bottom being holed in wake of this open space, the vessel's safety would 
be imperilled ; hence some owners prefer to retain the inner bottom under 
the boilers, taking special measures to prevent as far as possible severe 
con'osion setting in. Lloyd's rules now require all the parts in question 
to be thickened, and in many ships iron is used for them to the exclusion 
of steel. Different kinds of enamels and cements have also been tried 
with varying success, and galvanizing has also been resorted to. A 
favourite practice has been on first sii,nis of excessive con'osion of tank top 
appearin<^% to cover the surface with Portland cement, and this, the writer 
considers, is a ^rave mistake, as tlie cement rarely adheres thoroughly to 
the platin[,s and water is apt to search in below the cement, causing the 
corrosion to ^o on quicker than ever. Sometimes the boilers have Ixjen 
raised to 15 or 18 inches above the tank top; proposals, too^ have 
occasionally been made (though the writer has not heard of their having 
been adopted) to either extend the non-conducting substance further 
round the boiler bottom, or susj)end baffle plates under the uncovered 
])ottom of the lK)iler so as to prevent the heat striking the tank top. In 
some steamei's built under tli<' writer's suix^rvision the sounding and air 
pijK'S to the boiler room tank have been increased to 5 or i) inches in 
diameter, and ventilators fitted into the ])ipes at the deck for the purpix*^* 
of cansini^ a current of :iir to pass tliroiiLrli the tank: so far this plan 
lias l)eeii found wry enVciiial. A sj)e('ial arranirenient of air pijK'S for 
veiitilatini: these tanks \)\ nieaiis ot" iiuluced (lrani::lit has been patented 
l)y a Newcastle eniriueer, it lias been lilted to several vessels, and is Siiid 
to have L'iven satisfactory resuks. 
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Pillars. — Departures have occasionally been made from the orthodox 
solid round iron beam pillar in favour of hollow tubular pillars,, or pillars 
formed of double T or channel irons, fitted back to back (Fig. 28, Plate 
XXIX.). 

Solid round iron pillars are no doubt a cheap, but somewhat unsatis- 
factory arrangement, being heavy, clumsy, unscientific, and too frequently 
manufactured of very inferior material ; but the theoretically superior 
tubular pillars are costly, and liable to become indented when sharp pieces 
of cargo come in contact with them, whilst the T and channel forms, 
though admirable from a scientific point of view, are objectionable in 
practice, on account of the liability of the sharp edges of their flanges 
either to be damaged by, or cause damage to, cargo. Channel bars of 
heavy section have, however, the advantage of forming very effective 
ties as well as struts, and their heads and feet can be more efficiently 
attached to the deck and tank than can other sections. Pillars forming 
hold ladders at ends of hatches have been formed of hollow half-round 
moulding (Pig. 29, Plate XXIX.). These can be punched instead of 
drilled to take the rungs. They are found to answer the purpose fairly 
well. 

Rails and Mouldings, — For several years past there has been mani- 
fested a steadily growing tendency to dispense with all those unnecessary 
mouldings — so dear especially to the hearts of Scotch shipbuilders— which 
popularly constituted one of the supposed superiorities of Clyde-built ships 
over those constructed in this district. In this severely practical age 
considerations of utility and economy take precedence over questions 
of appearance, hence, in some extreme cases, cargo vessels have been 
built almost entirely denuded of mouldings, not having even a knuckle 
moulding, thus giving the vessel a bare, eyebrowless, sort of appearance. 
The ponderous wood bulwark rails have given place to lighter and neater 
sections in iron, such as Fig. 83 (Plate XXIX.). The solid half-round 
moulding in time, has made way for hollow half-round or thin convex 
bars, and the exigencies of cheap production have occasionally abolished 
even these for a plain flat bar, fitted as in Fig. 85 (Plate XXIX.). 

Flanging. — This is now practised to a very large and still growing 
extent in shipbuilding work. Mild steel lends itself readily to this 
treatment. Weight is lessened, and the cost of production reduced, but 
as a general rule, a structure composed of plates connected together by 
angle bars is stronger, and has greater rigidity and stability than when 
flanged connections are adopted, especially when steel is the material 
employed. It is not, therefore, surprising that the registration societies 
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havo not encouragwl flangiDg, bat it has been Buccessfully applied to 
many Btractural details such aa stringer connections ta shell, bnicket 
knees to stringers, etc. 

Important improyementa effected in the nmcbincs employed in ahip- 
bnilding, and the introdnction of new machinery, have also played 
prominent parts in connection wit.li tlifi i»rincipal modifications made in 
fitnictnnil details. Among the new plant that lias bi-cn added to tho 
equipment of moet shipyanin may bo mentioned bevelling machiuea, cold 
saws, slotting raachinca for Bcarphed joints, manhole puncbea, plate 
levelling rolls, hydraulic riveters, and flanging machines, etc., whilst vary 
naeful improvements have been madn in jninching and shearing maohinea, 
drilling and connterBinkiiig machines, rolls, planing machine*, and 
garboard strake benders. 

What the natnre of the chief dcparturus that are likely to be made in 
tUo fnturc will b' is a somewhat risky forecast to make, but from prcaent 
indioations it wmild seem that they will most probably be fonnd in the 
increaaed application of labonr-saving and more efficient machines, rather 
than new arrangements of material, though furllier advancca in the 
prociisseii of st«el and iron making may possibly enable thf rnanufucturi;n 
to prodnoe the more complicated sectioDs of bars, ct«„ at pricoa wliioh 
win admit of them lieing yet more extensively used. 

It is also impossible lo foresee to what esi«iit the introdnction of 
electrical plant may affect shipbuilding practice ; indeed, there are not 
wanting dgna that we are on the eve of very important developments in 
this respect, some shipbuilding firms having already commenced to 
install electrical plant; and it may, perhaps, be that the adoption of 
building sheds, such as have been erected in America, and at least in one 
large shipyard on the Tyne, may have a marked influence in the ship- 
building methods of the near fntnre. 

Many modifications have been made in the smaller details of ship 
construction, bnt the writer considers that those he has dealt with 
constitute the principal departures from old-established practice. 

The paper, he fears, has assumed a somenhrit otla-jiodrida cliaracter, 
but he wonld beg the indulgence of the members on the score of the 
desirability of pausing occasionally in the march of progress to call 
the roil and sun'cy the innovations and alterations effwtcl in stnic- 
tunil details, and to consider the cx]wdiency or otherwise of the steps 
taken. In conclusion, the writer ventures to hope thiit the paper, 
embracing as it docs such a lanrc area, may bring iilwjnt an exhaustive 
!ind useful discussion on the points invulvod. 
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DISCUSSION. 

Mr. G. E. Macartht said he would like to express his gratification 
to the writer of the paper for his very able exposition of a question that 
really affected the shipowners very much. It was an excellent paper, too, 
in this respect, that it was made quite understandable to all. Those, of 
them who might be untechnical or unscientific might come there meeting 
after meeting and listen to very technical or scientific details which they 
could not understand. That was not the case here, and he had followed 
it very carefully, and it was all so explicit that there seemed little further 
to explain. In regard to what was said about the rudder and the new 
arrangement, did he understand Mr. James to mean that it was a perfect 
plate ? 

Mr. James — It is made of one plate. 

Mr. Macarthy — In your sketch there is a connection at the top ? 

Mr. James — Yes ; I have not drawn the stock of the rudder, just the 
outline. 

Mr. Macarthy — You will take that off altogether ? 

Mr. James — Yes. 

Mr. Macarthy said he fully endorsed the writer's remarks with 
respect to the new patent style of plating — the "joggled " system. The 
idea was good ; it seemed the proper thing, and ought to have been seen 
to long ago. There was no doubt that overlapping plates made a far 
stronger job than the old-fashioned style. He really thought that the 
writer of this paper deserved great credit for making the question so clear 
and distinct, and he thanked him very much. 

Mr. A. Cruioksh.vnk said there was really only one point that he took 
exception to in Mr. James's paper, that was where Mr. James, referring to 
the flanging, said that weight was lessened. Taking floor plates in double 
bottoms as an instance, with Lloyd's putting on -^^s i^^ch in thickness where 
these plates are flanged, there is really a slight loss in weight when the 
top edge only is flanged, as is generally the case. When this is done only 
half an angle bar is saved, and ^'^ inch on the floors is, as a rule, of 
greater weight. When both top and bottom of the floors are flanged a 
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Bliffht saving is effected, but other coiiaiderations generally prevent this 
being done, Buch as in n moderately fine ship, where the bottom edge 
would have to be flanged in a carved line, and it woald be eice«dingly 
liiboHouB and eipcnsive to make a good job. There were other parts pro- 
bably where a saving would be effected by flanging in such work as 
stringers, but if Lloyd's put it on there the same as in the floor plates tJiiB 
would depend on the width of the stringers. With regard to the joggled 
hIicII plating, he did not know whether Lloyd's had asked for anything extra 
in tbe thickness ; perhaps they might have asked the same as in the flanged 
floors. However, Mr. Doxford might answer that tinestion, as it was one 
of the points to be considered in getting at the actual weight of shell when 
plated on this system. He thanked Mr. James for his very pleasant 
paper, calling up, as it did, reminiKiences of old times. 

Mr. J. Stewaet said he thonght the ijaper very uaefnl, and one tliat 
gave room for a good deal of discussion. There was only one point that 
he would deal with, and that was the ballast tank ntider the boilers, and 
the very serious corrosion that took place there — a fact which many ahip- 
owners knew to their coat. As Mr. James had said, the trouble from this 
cause had \nxomc so scrlons that in many cases no Imlla^t tank bad been 
fitted under tlic Iwiiere, leaving a largo open well at this part, and bt ^ 
reft-nvd to the element of dtmj^er in this plan in th'.' event of the vessel 
getting pierced at snch a vital part. One simple way of getting over thia 
difficnlty was to make this part not an open well, bnt a dry tank — a pltin 
which had been adopted in one or two instances to his knowledge, and 
probably it was not uncommon. A feature of tbe paper was tbe con- 
sideration given to the common interests of shipbuUder and shipowner, 
and it was gratifying to note the increased attention given to the details 
of design with a view to facilitate repairs afterwards— a very important 
matter to shipowners and underwriters. 

Mr. HcOH Macoll, in responding to the call of the Post-President, 
said he wonid have preferred to have had a little more time to look over 
the paper, although it was very clear and well written, and the aubjectfl 
in themselves were easily understood. One of the great diflicnlties 
in introducing anything new, apart from the diflUculty noticed in the 
piipcr, was the hiliour question. The main outlet for new ideas was clearly 
nilistribution of sciintlings and greater use of sectional material, which 
in tile initiatory stages cost more money to get and liandle, because the 
people were new to it, and then in direct projMrtion as they did away with, 
Siiy, riveting, the riveters thought they shoulti get the same amount out of 
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the job, and they rebelled unless they got the same money for a greatly 
rednced number of rivets. In this way it was not easy to make headway in 
shipbuilding. Arguments were of little use. A simple illustration was 
bilge keels. Very commonly there was the double bar and bulb, with three 
tiers of rivets. On one occasion they were compelled to make an altera- 
tion in the usual arrangement by using a single bar, and there was a dis- 
turbance, because these gentlemen lost one tier of rivets, and they wanted 
to get the same amount of money out of the job. So there was not much 
inducement left to introduce new ideas. In regard to *' registries " they 
were just what their name indicated — they were registries — they did not 
initiate, they generally fought as long as they could against anything new 
or that they considered they might lose credit by ; when it was no longer 
a question of the success of the new idea they adopted it, and then assured 
people, who did not know any better, that it had been introduced and 
encouraged by them. Yet all practical improvements had been introduced 
in direct opposition to them. Another difficulty in getting out new styles 
was the variety of sizes of material which they had to contemplate in the 
ship. If they had one size of ship, one material, and one style of bar, it 
would be an easy business ; but take the framing of a small ship, when 
they run .it out at the ends, and diminished the section gradually or 
scientifically there was only a very few tons of one section, and might 
have to wait months for these few tons of material being rolled off. He 
(Mr. Macoll) mentioned a case where they were told they might have to 
wait three months before they could get the bars unless willing to pay 
more than the bars should cost altogether as extra for cutting and 
shipping rolls. As to the flat plate keel, he had seen lately a vessel with 
flat keel and pretty flat bottom very severely strained by going into 
the graving dock. A flat keel might be a very good thing, but like 
every other good thing in this world, they might get too much of it 
in other respects. In this case the upper blades were hard wood and 
hooped at the ends. No caps were used, and the blocks by use had worn 
hollow several inches in the centre, and so missed taking the weight of the 
ship on the keel plate, which at the centre line was well supported by the 
centre keelson, and the weight of the vessel was taken by the garboard 
strake, with the result that a considerable portion of the bottom was set up. 
The possibility of this mischance was got over very nicely in the large White 
Star boats. They put on a slab about 4^ inches thick and 2^ feet wide, 
which made a fine bearing for the keel blocks. About the stems, the modern 
arrangement of putting in the slab all the way through in connection with 
flat keel was very handy, but when they found in renewal or replacing. 
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as was sometiiucB tbe case, u coasiilerable outnlx.')' of tap bolta connec^ng: 
the end of the fore plate t;etting Uieir heads polished off when the vessel 
hud been goiu^ through itmd or Homethiiig, tUei'c vaa not much saving in 
hiMng for those rivuU, together vrith the difficulty of getting out the 
rivets attaching the 8t«iu foot to the centre keeleoa, and when it nil came 
to be fiiteii np there was not much difference in the repairing part of tho 
bii8iiit«9. It was n curious thing, although it was well known, that large 
forgiugs hud » large amount of uoutraction in them, the immense amount 
of cold water, not to mention red ink, with wliich they were tivated, miulv 
it like sacrilege — at all events a few years ag;o — to propose a malleable 
forging, Bcui-phed in two or more pieces, but why scarphing wae taken as 
a matter of course with a steel casting, and eonld not be tolerated in an 
iron foiling, it waH diflicult to say. As regarded the single plate rudders, 
uvcn iu these slack rtvet« had been knowu to occur with the ordinary 
forged rudder having plating an both sides ; he had found if the back or 
bow was made of sutlicient thickness and also wide enough to take doable 
riveting and the rivets properly put in there would be no difficulty from 
slack rivets. Another arrangemeut of flanging lower stringer plateo, not 
mentioned in tho i)aper, was sometimee used. Referring to Fig. 16 
(Plate XXrV.) in the paper:— 

(A) Instead of nsing the inner angle, make the plate thicker awl 
flange it down on the imicr edj;c. (See Bkftth oji opjwsitj; piigc.) 

(B) In addition, flange it up gainst the reverse bar. 

(C) In addition, flange it against the shell plating. 

Further than this flanging could scarcely go in this case. For vewelB 
built for carrying coal it was a capitid arrangement. The coals came 
"sliding" down very nicely without much bother. The doable lugs 
on the bulb frames were much better if single. They could not well cat 
the bulb off the frame, and to pack it up did not ensure sound riveting. 
With bulb frames it was better to have a much larger lug piece on the 
plain side of the frame to take four rivets, and have the fore and aft 
flange large enough to take four rivets in tlic kelson, then a good sound 
piece of work wax obtained. In the big Atlantic steikmers groat use 
was made of the chiiimel beams ns well as fmnies, and they lent themselves 
to the purpose, easily crept, and nob much labour on them. They seemed 
to do very well. As to cutting the stringer plate of the reverse frame, 
and fitting a wide angle to take the sliell rivets, mentioned as one of Mr. 
Bull's improvements in modern shipbuilding, this was i\;ally one of his 
good ideas. As to the cellular bottom, it was a moot question which was 
the best. If they were going to liave their VL-ssel damaged frequently 
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it would be better to have ordinary floors. Besides, to have to go crawl- 
ing along those oellnlar bottoms with | inch plates and supported every 
4 feet was about as uncomfortable and inconvenient a job as they could find 
for poor humanity. The reverse bar to lie on and get along was consider- 
ably less uncomfortable. It was a point oflen overlooked, but it was one 
worth consideration all the same. The difficulty with the joggled shell 
plate was one clearly of machinery and would find its level by and by. 
The matter would be developed. 



and as people got more inclined 
to spend money in machinery 
more would be used, and they 
would see more " joggled " ships 
being built. Then as to the 
ventilation and the tanks, he 
(Mr. Macoll) would go a little 
further about the boiler. He 
would go 2 feet. Every inch 
they raised the boiler from the 
tank top they improved the 
position of affairs. He had 
known | inch tank tops lasting 
for thirteen years. He thought 
that good enough. On the other 
hand, he had known ^V ^^^^ 
steel floor plate give out in 
about four years under the tank 
top, and in one case the floors 
round the upper edge of light- 
ning holes were gone to a knife 
edge. He could never get a 
very satisfactory explanation of 




B 



this. The ventilation of the boiler room tanks was a comparatively new 
arrangement, but sufficient time had not elapsed to decide by it in all 
cases : he gathered that what was proposed was to put in separate 
pipes. Was he right in understanding that the separate pipes were 
for ventilation ? 

Mr. James— They are just enlarged air pipes, up to 5 or 6 inches, 
and used as sounding pipes. 

12 

VOL. XU.~18M. 
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Mr. Macoll, in continiiatloD, said recently in rupairin^ some veefielfl 
he had fitted elbows under deck to existing air pipes and brought them 
up oil deck iato cowls in convenieat ^touitions, and the nrranireincnt 
seemed to answer fairly well, but there had not been anfficieot length of 
time to form any idea of the result. He did not at all acrree with die 
remark in the paper that hold piliara or rather ladders of hollow half- 
round iron answered its purpose. He most decidedly objected to that. 
In four years he found they looked seedy and dami^cd, and in eight 
years they looked still more so, and wlien they came to their third survey 
they were not safe enough for u monkey to get up, far less a man. For 
chespneaa it was good enough, but not for a lasting job. One point 
he bad not mentioned was the flanging of the floors, not only flanging 
Uiem to the tank t«p but to the shell, which was a method that obtained 
in more than one pta(.% at tcaet ; and one thing was, it made a very good 
bottom. They had a straight line from the tank to the keel, and a very 
nioe floor with a good rise at the ends. There was a tendency to cnt tlic 
bilge nUher aquare. Then if they flanged the end of the floor gainst the 
centre keelson and the outer end flanged against the tank mai^in he did 
not think Banging in this caae could go much further. In conclusion, he 
thought the paper covered a good deal of ground and required looking 
orer and considering. All alterations were not improvements ; bnl 
certainly they felt they wt'ix.' t;i'ttLUSj on little by little ; and ships had 
to be built of less material and as little labour as possible. The remit 
was, on the whole, an improvement. He had only made a sort of mnning 
commentary on the paper, and desired to thank Ur. Jamee for bringing 
BO many recent notlona before them in so int«reating a manner. 

The discuBsion was adjourned, and the meeting dissolved. 
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NORTH-EAST COAST INSTITUTION OP ENGINEERS 

AND SHIPBUILDERS. 



Twelfth Session, 1895-96. 



PROCEEDINGS. 



SIXTH GENERAL MEETING OF THE SESSION, HELD IN THE 
LECTURE HALL OP THE SUBSCRIPTION LITERARY SOCIETY. 
SUNDERLAND, ON FRIDAY EVENING, MARCH 20th, 1896. 



ROBERT THOMPSON, Esq., J.P., Past-Pebsidbitt, ik thb Chaib. 



The Secretary read the minutes of the last General Meeting, held 
in Newcastle, on February 14:th, 1896, which were approved by the 
members present, and signed by the Past-President. 

The ballot for new members having been taken, the Past-President 
appointed Messrs. H. Macoll and R. H. Muir to examine the voting 
papers, and the following gentlemen were declared elected : — 

MEMBERS. 

Bailey, Charles H., Engineer and Ship Repairer, Tyne Engine Works, Newport. 
Crookston, John, Consulting Engineer, 72, Mark Lane, London, S.E. 
Camming, William, Superintendent Engineer, c/o James Laing, Esq., Deptford 

Shipyard, Sunderland. 
Evans, WiUiam T., Superintendent Engineer, c/o Messrs. John Cory k Sons, 

Mount Stuart Square, Cardiff. 
Good, Farrant, Engineer, c/o Messrs. Bute Dry Dock Co., Ltd., Roath Basin, 

Cardiff. 
Jackson, Albert S., Superintendent Engineer, c/o Messrs. The Baron Hambro' 

Steamship Co., Ltd., Mount Stuart Square, Cardiff. 
Jones, Charles, Superintendent Engineer, 10, Glyurhondda Street, Cardiff, 
Landreth, Cowen, Superintendent Engineer, 34, Simonside Terrace, Newcastle- 

on-Tyne. 
Seddon, Joseph A., Ship Surveyor, The British Corporation Registry of Shipping, 

56, Monnt Stuart Square, Cardiff. 
Sibun, William, Engineer Surveyor, Lloyd's Registry of Shipping, Bute Docks, 

Cardiff. 



8 PROCBEDINOa. 

ABSOCUTE. 
Hodge, W. P., UarioB Sapcriatendeat, c/o Messrs. John Cory & Sons, Mount 
StoMt Sqatn, Cardiff. 

GRADUATES. 
Diiun, William John, Engincoring Stndciit, 10, r.ranville Road, Nawcartle-on. 

Tjnc. 
Kent, Ssmnel M.. Apprentico Knginccr. I.inilenliHrrt, Heston. News»»tl»-on- 



Mr. J. R, FoTHEKGiLL (West Hartlepool) said the absence of tlie 
Preeidcnt (Aid. Richardsou, M.P.) was due to b's being occnpied willi 
datiea in connection with the government of the country. 



r>fVITATION TO CARDIFF. 
The Pa8T-Pre8IDSKT drew attention to the following letter wlitch 
bad been received from Mr. J. F, Walliker inviting the Institution to 
visit Cardiff :— 

BrTB Docks. CispiFf, 

Febrvary lft(A, vm. 
The Seeretitry, yortk-Eart Cuntt 

Inititiitivn iif Ettginefri and ShtpWilden. 
Dbab Sm,— a ineetin? of jfeiillemen cniiucclpd ividi tbo enjrinMiriiig' and sliipyiinji 
indnitries of thia district wm held in this town last evening, presided over bj Vr. 
John Lowdon, J.P., of Bsirj, when it was nnanimousi; decided that > hearty invit*- 
tion should be sent to the members of tho Institatton asking them to visit Cantift and 
the Briitol Cliannel Ports daring the ensning sammer. 

The date and duration of the visit was left open for future arrangement, bnt it was 
considered that this should be so settled as not to interfere with the summer meeting* 
of other kindred societies. Jul; was mentioned as a suitable time, and a hope naa 
expressed that the visit wonld entcnd to at least three days, as this or even a longer 
period could be made interesting and useful to the members. 

I shall be glad of a reply as soon as convenient, and also an idea of the probable 
number that would t«ke advantage of the invitation. 
Yonra faithfully. 

On behalf of the Comniittee, 

JOBN F. Walliku, 

^"B. Secretary pro tfui. 

He had no doubt they would ail liave received the drcular from the 
Secretarj- asking the members who intended going to intimate their 
acci;pt:Hice of the invitation. He was quite sure from the way the pro- 
posal had been taken up by an influential committee in Cardiff that it 
would he well worthy of a large acceptance on tiie p,irt of the memberB of 
this Institution. An exhibition was tu be held in Cardiff at the time. 
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and £he committee of shipbuilders and engineers had collected a con- 
siderable sum with a view to their entertainment and instruction. Be- 
sides visiting places of interest they would have joint meetings, at which 
papers would be read, and the occasion made useful and pleasurable. 
He hoped they would let the Secretary have their replies as soon as 
possible. 



The discussion on Mr. M. C. James's paper " On some Structural 
Details of Modern Ships " was resumed. 

Mr. R. M. Ferrier read a paper on " The Determination of the Forces 
which Produce Vibrations with Three-crank Engines at High Speeds." 

Mr. A. E. DoxFORD read a paper on "On Balancing High Speed 
Engines." 
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ADJOURNED DISCUSSION ON MR. M. C. JAMES'S PAPER 
"ON SOME STRUCTURAL DETAILS OF MODERN SHIPS." 

The Secretary (Mr. Duckitt) said, before resuming the discussion 
on Mr. James's paper, he had to say that he had a letter from Mr. C. D. 
Doxford regretting that he could not attend that meeting. There was a 
question asked, he said, whether Lloyd's approved of the system of 
joggled plating ? They (Messrs. Doxford) were in a position to answer 
in the affirmative. 

« 

Mr. R. H. MuiR said he thought this paper of Mr. James's must be 
very refreshing to shipbuilders, because it brought before them, in a very 
concise manner, the improvements in structural details which had crept 
into shipbuilding in the last ten years or so. They, as shipbuilders, 
forgot that these were recent innovations, because after they had repeated 
a thing once or twice it passed out of their minds as being anything more 
than up-to-date. Several of the details which Mr. James had drawn 
attention to were not treated from the shipbuilders' point of view, but 
from the shipowners', and occasionally from the conmiercial and repairera' 
standpoint. Now, to treat of all these, made it a very difficult problem. 
Generally speaking, he should imagine, that shipbuilders did not very 
much care what happened when the ship required repairs ; their first object 
being to make a thoroughly good structure. In building a ship, they did 
not make much provision for her going on rocks and tearing her bottom 
out. Mr. James's remarks in the first part of the paper as to the clogging 
and hindering effects of the registration societies must be modified, when 
he (Mr. James) later on would clog and hinder the builders. For instance, 
when dealing with long shell plates and the joggling of shell plates, he 
thought they had gone rather fast, because no repairing dockyards had yet 
introduced the joggling machines. Mr. James said the plain flat keel 
plate had almost universally been adopted. That might be, but was there 
not at present signs of reviving the bar keels ? Within the last month 
or so several builders had been enquiring at other firms if they could drill 
some keel bars and bend the garboard strakes for them. He had been 
told of one firm that had not built a bar keel ship for ten years. His 
own (Mr. Muir's) experience for the last few years, had been about an 
equal number of each ; at present he had three bar keels on the stocks 
alongside one another. He was glad Mr. James admitted the absence of 
the bar keel was prejudicial to steering, and he might have added, to 
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rolling, QnlesB bilge fins were fitted. The Byatem o[ attocliing ths 
parallel stem bar to the plate keel by means of angle irons or flanged ' 
plates he could iiot conaider other than a makeshift job. He did not ■ 
like it J tt was not to be compared with the forging made to the shape of 
the forefoot, Mr, Janies sitggested (Fig. 5, Plate XXIV.) that the 
de^p girder syBt«m of framing the revt-i-se bar should be reversed, that ia, 
it should be put into the bosom of the fraoiu. The objection to that 
was, the plate knet: and beam would require to be Stted ou the back of 
the reverae frame, mating it very difficult to get the shell rivete in. 
Ur. James also referred to the nee of the Z bar as being copied Irom wur 
vessels. He thought these were now pretty common, and the workmen 
were becoming very expert at turning those bars. Z bare he (Mr. Mnir) 
thought were rather better than the channel bars. He did not mean as 
fiir as strength was concerned, but for this reoaon, they conld rivet the 
shell 'much easier. Channel bars and Z bars had buen used frequently 
H8 tieams, also H section instead of built beams. Of course spedat 
machinery was required for working these sections. Reference wai 
made (Pig. 18, Plate XXV.) to the system of flanging bulkhead plat«8. 
tlauging both edges of one plate thus, was i i 

equaUy good, and saved the handling of half ^—^^^ — ^^^^ 
the numlx'r of i)liitf;n. lie thought tlip bulkhead liners jihould be fittwl 
diamond shape, or they might be oblong, and only project 3 inches past 
the edges of the bars, sufficient to take one row of rivets. This would 
allow of caulking all round. He would increase the thickness of the 
bulkhead bars by 25 per oent., and increase the spacing of rivets. The 
same arrangement would apply elsewhere, for instance, the bridge front 
bulkheads, there the deck plating was riddled with holes to suit the water- 
tight spacing for thin bars, in fact the deck was postage-stamped right 
across. Thicker bars and wider spacing of holes seemed to him a reason- 
able way of preserving the strength. What was said in the paper regard- 
ing rails and mouldings being " so dear especially to the hearts of Scotch 
shipbuilders, which popularly constituted one of the supposed superiorities 
of Clyde built ships," be could only take as a bit of sarcasm. The Scotch 
shipbuilders no doubt liked mouldings and wooden rails on high class 
IKktsenger vessels, and the same could be said for the shipbuilders on this 
coast when they built similar vessels. The Scotch shipbuilders, no more 
than the N'orth-E^t Coast builders, did very much for the love of it, each 
fulfilled his contract, and so it was the shipowner who said what he wanted, 
and got what be paid for. In cargo vessels pure and simple there may 
be no need for such extras, but even there they found owners specifying for 
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cutwater bows, figure head, trail boards, name boards, stern carving, etc. 
This the Past-President could corroborate, he having two ships with all 
these '^ things of beauty " building at this moment. 

Mr. £. W. De Busett said he would venture a few remarks upon the 
deep girder framing, shown on Plate XXIY. He might say his fiim had 
built a good many vessels with this type of framing, and had had no 
difficulty whatever with regard to the keelson lugs, referred to in Fig. 8 
(Plate XXIY.), at all events not in any good-sized ship, carrying, say, 
4,000 to 5,000 tons deadweight. The arrangement shown in Fig. 4 
(Plate XXIY.), would add unnecessarily to the cost. Framing, illustrated 
by Fig. 5 (Plate XXIY.), had also been adopted by his firm, but there 
were various difficulties connected with it, more particularly with regard 
to the punching of the frame and reverse frame, as these had to be 
turned over to punch, which gave some additional labour to the men. 
With regard to the beam knee (Fig. 5, Plate XXIY.), he might say 
that they had had no difficulty on this account. The beam knee was 
simply carried to the depth of the reverse bar only, and not to the bosom 
of the frame. This was approved by Lloyd's, and made a good job. 
The attachment of ceiling to frames (Fig. 8, Plate XXIY.) made 
a very good job— a first-rate job — it was cheap, and answered well. 
With r^ard to the remarks made by Mr. Muir as to the parallel stem 
bar, his firm did not connect it at the foot to the shell and keelson by 
logs, but by an intercostal keelson riveted to the side of stem, and thence 
to the shell. This made a secure attachment, and he did not think they 
would go back to the old system, neither on the score of cost nor labour. 
There were a great many other valuable points in the paper, and he 
thought he would not take up their time by referring to any more of 
them, as, no doubt, they had been ably referred to by previous speakers. 

The Secretary read the following communication from Mr. Andrew 
Young, of Bureau Yeritas Register of Shipping : — 

Dear Mr. Duckitt, 

One might infer from Mr. James's paper that it has been the 
special function of classification societies to exercise by i^eason of their 
published rules a "clogging and hindering effect" upon shipbuilding 
generally, and' that they have been guilty of " fostering mere unthinking 
repetition, stifling originality of thought, deadening the inventive facul- 
ties, stultifying and retarding progressive efforts." All this, too, has 
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been done in cold blood, or ruther with the aid of " cold red ink " kept 
for the very purpose of ejecting upon and poiaoninj^ the product of 
ingenions brains. 

This is indeed a formidable iudiebmeiit, almost enough to make H 
modest society bluah, if nob fsde away altogether. Being upon tbo Btaff 
of one of those societies, I naturally desire to repudiate, aa far as it is 
concerned, the charge of throttling innovations or standing Jn the way 
of any new developments. Or" course it is not my place at present to 
review the work of the Bureau Veritas in this connection, but I think 
there must be many associated with this Institntion who would be 
araoiigBt the firet to testify to our ajiprcciation of any improvement 
suggested by shipbuilders or others. 1 venture t« mention only two 
instances which must lie well known to all. I think it will not be 
seriously disputed that it was under the fostering care of Veritas that 
tUo building of petroleum and turret steamers has been encouraged, und 
initial confidence in them established. I certainly believe that with thaw 
facta in mind the author would not wilfully include Veritas in the " many 
quarters" he refers to. 

It might be well to take this opportunity of clearly stating the 
purpose for which such a society esists. Us bosincfie, of conrse, is not 
shipbiiiUliii);, Hhip<)Wiiin?, chiirterinj:, or insuring, biiL is "'losely allifMi 
with all these. Its primary function is to assign a public character to 
a vessel, based upon a knowledge of her construction and technical 
qnalitieB, and to publish an accarate and complete record or roister 
of vessels entrast«d to the survey of the society, which gives to all 
interested parties a trustworthy account of the principal features and 
condition of these vessels. 

From the nature of such work, its policy must be somewhat oon- 
servative ; its characteristic virtue must be caution in order to aafegoard 
not only its own reputation hut also the interests of shipowners, who 
are naturally jealous of the reputation of their property. So that great 
caution mnst be exercised before sanctioning departure from well-tried 
methods. Shipbuilding, like society, should have Its brukes. 

As regards the other parts of the pap<;r, I have not much to say. The 
pros and cons of each jiart an; well stated. I may add that in side- 
stringers, channel bars are sometimes used, though there is a difficulty 
in their manipulation. 

I have pleasure in thanking Mr. James for bis paper, which is a very 
uaeful one. 

Yours faithfully. 

Andrew Young. 
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The Past-President said they were all instructed by a paper like 
that of Mr. James's, and there.was the variety obtained by discussion. He 
was sorry Mr. Charles Doxf ord could not be with them that night, for he had 
been making a great many innovations lately, the latest being a balanced 
single plate rudder. He (the Past-President) had asked him to bring a 
photograph of it, but regretted he could not be with them. With respect 
to the Z frames, he might say his firm had used nothing else for some years, 
and so far as their fumacemen were concerned, they had no difficulty to 
get them to work, and altogether they considered it a very efficient frame. 
It had this advantage over the joggled plating which saved the 
packing and so reduced the length of the rivets ; in the Z bars they 
saved the rivets altogether. The reverse frame and the bar being com- 
bined no riveting was required. That was a great saving, it could be 
punched so easily, and cut so clean, and was very strong. With respect 
to weight saved by joggled-plating, he thought it would be a pity for 
the statement to go into the Transactions without some positive informa- 
tion proving the saving. He (Mr. James) gave them a ship of 5,000 
tons with a saving by joggled-plating of 35 tons. They (the Past-Presi- 
dent's firm) had finished a ship of 5,250 tons deadweight, the total packing 
in her being 33 tons. To compare her with the joggled ship there would 
be an allowance of 13 tons, owing to a loss of displacement on account of 
the joggles making a net increase of deadweight of 20 tons in favour of 
the joggled ship. Now his firm had got a scarphing machine he had no 
doubt they could reduce the packing by several tons, and thus reduce the 
gain of deadweight owing to the joggle system. He thought savings of 
this kind were best verified because the practice might differ in various 
places. For instance, in tank tops they had not used packing for years. 
By joggling the top of the tank web plating and by arranging the deck 
plating in in and out strakes, instead of out and in, they reduced the pack- 
ing to a small taper. He checked these weights very carefully : what 
was actually ordered, put into the ship, and left. The ships had proved 
very satisfactory, and it was a cheaper job than the ordinary way of plat- 
ing, and quite as strong as far as the structural strength of the ship went. 

The discussion was again adjourned. 
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THE DETERMINATION OP THE FORCES WHICH PRODUCE 
VIBRATIONS WITH THREE-CRANK ENGINES AT 
HIGH SPEEDS. 



By R. M. PBRRIER, B.So. 



[Read befobe the Institution, in Sundebland, on Mabcu 20th, 1896.] 



The increasing use of high speed engines for marine purposes, and 
the occurrence in many vessels of violent vibrations which have been 
shown to be due to the action of the engines, have caused much attention 
to be directed to the subject. 

The paper is an attempt to analyse the forces which are produced in 
the action of a triple expansion engine, with three cranks, and to deter- 
mine the magnitude of these forces with sufficient exactitude for practical 
purposes. 

A particular engine has been taken and the forces worked out for it 
in detail, because the writer's object has been to illustrate the method of 
determining the forces actually involved rather than to draw general 
deductions from theoretical reasoning. Messrs. Doxford have very kindly 
given him fall details of one of their engines, and this forms the subject 
of the paper. The methods, however, are perfectly general, and may be 
applied to any engine. 

The forces to be considered may be divided into two sets. 1st. The 
vertical forces arising from the action of the reciprocating parts. 

These consist of the piston and the parts attached to it which move 
up and down with varying speed. They must be brought to rest at the 
end of each stroke and set in motion again at the b^inning of the 
following stroke. 

This action is the same whether the engine is driven by external 
means or by steam pressure. In the former case, if the piston be 
supposed at the top of the stroke it must be set in motion by a pull in 
the piston rod and connecting rod, which will tend to lift the engine. 
This pull diminishes as the piston moves downwards, and in the second 
half of the stroke changes into an upward push, which brings the piston 
to rest at the end of the stroke. During the second half of the stroke 
therefore, the tendency is to push the engine downwards. 
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With steam prcBsare in the cylinder, the whok' preMore on the piston 
will not be transmitted through the connecting rod, etc., to the bed-plate, 
but will be lessened by the force needed to set the reciprocating parts in 
motion. The upward pressure on the cylinder cover will therefore be 
greater than the downward force on the bed-plate by that amount, and so 
the resultant eifect will be an excess of upward force exactly ei[Ual to the 
force needed to set the reciprocating parts in motion. This will Ik; the 
case at any speed, so that it is unnecessaiy to conaider the steam pressure 
<ui prodacing any unbalancal forces causinj^ vibnitioii. 

The amount of the force at different angles of the revolution is found 

by the formula — 

WV= / . cos 2A\ 

Force = — ^r- I cos A -t- ; 

gR \ n I 

where W = weight of reciprocating parts, 

y ^ speed of cranlc-ptn in feet per aeoond, 
g = acceleration of gravity = 32, 
H = radius of crank in feet, 
A = angle of crank rucjisurisi from top centre, 
n = ratio of connecting nxi to crank. 
Another form of the formula which ia often useful is — 

Pot™ = -00034 WN'R (vm\ H- ^21?^ \ . ,i) 
where N = number of revolutions per minute. 
A table of the quantity in brackets, calculated for every SO d^ree* 
is placed in tbe Appendix (Table L). 

The second set of forces which cause vibration is due to the centri- 
fngal forces caused by the rotating parts. 

These forces may each be calculated by the usual formula — 
WV 

or by— centrifugal force = -00034 WN'R ; (2) 

where W = weight of rotating part, 

V = speed of its centre of gravity in feet per second, 
<l = acceleration of gravity, 
U = radius of centre of gravity in feet, 
X = number of revolutions per minute. 
These forces always act radially, but for the purpose of combining 
tlieni with the vertical forces, they have been rtsolved at every 30 d^jreea 
into vertical and horizontal components, and the sum of the vertical 
forces due to both reciprocating and rotating parts t;iki'Ti as tbe t«tal 
difiturbing force in the vertical direction. 
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The horizontal components of the centrifugal forces on the rotating 
parts are the only forces causing horizontal vibrations. 

The oblique action of the connecting rod causes equal horizontal 
forces at its ends, but these are in opposite directions, and so will balance 
one another. Their moment is equal to the turning moment on the 
shaft. 

The variation of the turning moment on the shaft forms also a possible 
cause of vibration. As the torsion of the shaft causes the propeller to 
turn in the water, the resistance of the water will cause the vessel to heel 
slightly in the opposite direction to that in which the shaft turns. 

As the turning moment varies this will cause a change of the amount 
of heeling, and so set up torsional vibrations. 

The diagram of turning moment (or crank effort) has therefore been 
drawn (Pig. 16, Plate XXXV.) by the usual method from the diagrams 
of effective pressure on the piston, account being taken of the inertia of 
the reciprocating parts. 

The following are details of the engines : — 

^ ,. J 15 ins. — 22i ins. — 88i ins. 
Cylinders, :^^^ 

Connecting rod, 3 feet — 4j ins. .*. ^-j— - = 4J = n. 

H.P. and I.P. valves, 5 inches travel ; L.P. valve, 5^ inches travel ; 
eccentric rods, 3 feet long. Air pump was driven by levers worked by 
crank and connecting rod on the forward end of the shaft. Crank, 
4 inches ; connecting rod, 2 feet. 

With respect to the connecting rod the usual approximation has been 
made, m., that one-half is taken as reciprocating, and the other half as 
rotating with the crank pin. 

Wbightb. 

RecijprocatiTig parts — 
Piston, piston rod, and half connecting rod 
Slide valve and rod, and half eccentric rod 
Half astern eccentric rod and strap 

Rotating parts — 

Crank pins and half connecting rods 

Crank webs (centre of gravity at 6f inches radius) 
Eccentrics, with half eccentric rod and strap . . . 

Balance weights 

Air pump, rod, crosshead, etc., 123 lbs. 

Pig. 1 (Plate XXX.) shows the arrangement of weights on shaft. 
Fig. 2 gives the end view of shaft, showing the angular position of 



H.P. 
Lbs. 


LP. 

Lbs. 


L.P. 
Lbs. 


276 


323 


420 


215 


312 


431 


32 


32 


32 


139 


139 


139 


77 


83 


91 


32 


32 


32 


566 


.^ 


704 
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eccentrics with reapeot to the cranks, whicli are At 120 (legs., tw nsuiLl 
The crank driviug the air pomp ia at the same nugle aa the low preeeaie''l 
ci'aak. I 

The balance weights are attai-hed to the high pressure and low pres- 
snre cranka only. Thej have been calculated by the method given by 
Mr. Yarrow, and which will be described by Mr. A. E. Dosford in » 
paper to be read at thia meeting. The weights given are with the centrMU 
of gravity at 6 inches radius. H 

All the forces have been calcnkted for a speed of 354 revolntions p(^| 
minute, at which the indicator diagrama were taken, from which Uiu 
effective preaanre curves (Fig. 15, Plate XXXV.) have been drawn. ■ 

The diagrams of forcea are drawn to a scale of half an inch to a toiii>l 
thoae of momenta to a scale of ^ inch to a foot-ton. I 

DiAOKAMa. — The vertical forcea acting throughout a complete revoln-^ 
tion of the H.P. crank are shown in Fig. 3 (Plate XXX.). The forces 
due to the reciprocating parts were calcnlated from formula (I) for 
every 30 dega. The figures for the H.P. reciprocating parts are given 
in the Appendix. These valnea plotted to scale gave the dotted line. 
Next, the centrifugal forces due to the rotating parts were caloulBted 
from formula (2). The total centrifugal force waa found to be 2'8 
tow. Drawing a circle (Fig. 4) with E M = 2*8 as radius, and taking 
lit every SO dega. the vertical component as T- SI. these are added to the 
forces givftn by the reciprocating parts, and the fall line A ahowa the 
vertical force produced during the revolntion of the high pressure crank. 

The same method has been followed for the I. P. and L.P. crsnkB, 
the six eccentrics, the air pnmp, and balance weights. 

In combining them, as in Fig. 5 (Plate XXXI.), care mnst be taken 
to place the curves so that each line cuts them so as to give all the forces 
when the H.P. crank is at the given angle. The easiest method ia to 
dr.tw each curve separately on tracing paper and slide it horizontally until 
it is in the proper poaition. 

Taking the difference between the sum of the upward and downward 
forcea at each angle of 30 dega., we get the curve of resultant vertical 
force shown by the full line in Fig. 6 (Plate XXXI.), neglecting the 
effect of the balance weights. 

This shows tliat though the forces acting are lai^c, that due to the 
low pa-SHure piston being H)-25 tons at its maximum, they so nearly 
Itjilance one another that the resultant force never exceeds 1'3 tona. 

The dotted line shows the effect of the bidaiice weights on the vertical 
fiirces. The maximum Umx- is reduced to 'KS ton. 
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The horizontal forces are shown in Fig. 7 (Plate XXXII.). They are 
due to the rotating parts only, and are, in fact, the horizontal components 
of the centrifugal forces, as E L in Fig. 4 (Plate XXX.). These are also 
measured for every 80 degs., and are shown in Fig. 7 (Plate XXXII.) for 
the three cranks and the balance weights. The horizontal forces due to 
the eccentrics were so small that they have been drawn to an enlarged 
scale in Fig. 8 (Plate XXXII.), and only their resultant, which never 
exceeds "06 ton, is drawn in Fig. 7 (Plate XXXIL). 

The resultant horizontal force acting on the engine is shown in Fig. 9 
(Plate XXXII.). The full line shows the resultant without balance 
weights, the maximum being '2 ton. The dotted line shows the effect of 
the balance weights, which increase the forces to a maximum of 1*1 tons. 

The amount of the rocking moments produced by these forces has 
been shown to be often of more importance than the magnitude of the 
forces themselves. In estimating the rocking moments the difficulty is 
to decide about what centre they should be taken. 

Here they have been taken about the centre of gravity of the engine, 
which has been assumed to coincide with the centre of the I.P. crank. 

Each vertical force will then produce a rocking moment tending to 
tilt the engines in a fore-and-aft direction. The amount of the moment 
will depend on the distance from the centre of gravity as well as on the 
magnitude of the force. An upward force forward of the centre of 
gravity will produce a similar tilting effect to that of a downward force 
acting aft of the centre of gravity. 

Fig. 10 (Plate XXXIII.) shows the values of the rocking moments 
produced by the vertical forces. The resultant moment is shown in 
Fig. 11 (Plate XXXIII.), the full line showing the resultant moment, 
neglecting the balance weights. The maximum value is 48*5 foot-tons. 

The dotted line shows the effect of the balance weights, the maximum 
moment being reduced to 7*5 foot-tons. 

The horizontal moments also taken about the centre of gravity are 
shown in Fig. 12 (Plate XXXIV.). Here, again, the moments due to 
the eccentrics have been drawn separately to a larger scale (10 times) in 
Fig. 13 (Plate XXXIV.), and only their resultant is drawn in Fig. 12. 

The resultant moment of all the horizontal forces (without balance 
weights) is shown by the full line in Fig. 14 (Plate XXXIV.), the 
maximum moment being 18*5 foot-tons. 

The effect of the balance weights is shown by the dotted line, which 
gives a maximum moment of 24 foot-tons. 

VOL. xn.-i89e. 13 
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The effect of the rotating balance weigbta is therefore to iocreafie the 
horizontal momenta as well ue to reverse their direction, as is shown hj 
the cQFveB. 

The variation of the tnming moment on the shaft la shown in Fi(^. 16 
(Plate XXXV.), which has been drawn from the effective preBsnre curves 
shown in Fig. 15 (Plate SXXV.), allowance being made for the inertia of 
tho reciprocating parte, us shown. 

The turning moment of each crank is also shown as well as their 
combined moment. 

Tlie diagram shows that the turning moment varies from a maximnm 
of 10 foot-tons to a minimam of 4*6 foot-tona, the mean being 8 foot- 



APPENDIX I.-Tablb I. 
If n = 4^ as in the present case. 

Angle A. Cm A + ^!^^. Cos A -^ ' 

OP ... 1 + - .. \'Z 



a 



160P 

180° 
110° 
2«° 



It will 1)c seen from the above that the values arc the same on thr 
n.-turti half of tlie revolution, so that only the downstroke need be 
calculiitixl. 



/ 
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APPENDIX II. 

If W = 276 lbs. = -123 ton for H.P. piston, etc. 
N = 354 revolutions per minute. 
R = 9 inches = '75 foot. 
Then '00034 WN*R = 8-93 tons. Multiplying by the numbers in 
column 3 of the preceding table, we get the following forces produced by 
the reciprocating parts on H.P. when the crank is at the given angles 
from top centre : — 



Angle A. 






Force in Tons 


0° 


4-804 


80° 






3-840 


60° 






1-525 


90° 






- -873 


120° 






- 2-401 


150° 






- 3-967 


180° 






- 3-057 


210° 






- 2-967 


240° 






- 2-401 


270° 






- -873 


300° 






1-525 


330° 


• • ■ 




3-840 


360° 


• « i 




4-804 




i 
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ON BALANCING HIGH SPEED ENGINES. 



By a. B. DOXFORD, B.A. Cantab. 



[Read before the Institution, in Sundebland, on March 20th, 1896.] 

The object of this paper is to describe briefly the forces in high speed 
marine engines which tend to produce vibrations in ships, and to give 
a method of finding graphically the weights that may be applied to 
approximately balance these forces. 

The forces to be balanced are those due to the reciprocating and 
rotary parts of the engine, and the latter can be balanced absolutely by a 
rotary weight ; the former, however, can only be partially so balanced, 
owing to the angularity of the connecting rod, and, further, a rotary 
balance weight sets up horizontal forces equal to the vertical ones which 
it has neutralised. 

Thus it is seen that, if rotary balance weights are employed, they 
should be as small as possible, apart from the consideration of adding 
weight to the vessel. 

The vertical forces necessary to give motion to the reciprocating parts 
are transmitted entirely to the bed-plate, as in the case of an infinite 
connecting rod, the effect of the finite connecting rod being to introduce 
horizontal forces in the main bearings equal to the thrusts on the guides. 

This may be easily seen from Pig. 1 (Plate XXXVI.). 

Let P be the force necessary to give motion to the reciprocating parts. 
Then, if this motion be given through the connecting rod, the pull in the 
connecting rod is P sec 0, and the pressure on the guide is P tan 0. 

The action of the crank shaft on the main bearings will therefore be 
a force P sec parallel to the connecting rod, and in the same sense as 
the pull of the connecting rod on the crank pin. 

Resolving P sec we get P vertically and P tan 6 horizontally. 

Thus, what the connecting rod does is to introduce a couple, 
P tan 0, OA = P tan 0, OM cosec = P sec OM, and this is equal to 
the turning moment on the crank shaft due to the reciprocating parts, 
but in the opposite sense. In other words, the connecting rod enables 
a turning moment to be applied to the crank shaft, and therefore 
necessarily sets up a reacting couple in the main structure of the engine. 
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The same reasoning holds good with regard to steam pressures, arid 
the reacting coaplea dne to the reciprooiting parts merely modify those 
due to steam preasares. Theoretically, these conples will give a Blight 
varying liet to the vessel and set up Hmall torsional strains, Imt will not 
produce vibrations." 

The nest consideration is : To what extent does a rotary weight 
balance a reciprocuting weight F 

I/:t a reciprocating weight of mass m be driven by a crank of radios r 
aud connecting rod of length I. Plaoj a rotary weight of mass m diructly 
opposite to the orank and at radios r. 

Then, at the dead centres, there is an unbalanced upward vertical 

force acting on the bed-plate of nia^r j , and when the crank is horizontal 
there is an anbalanced downward vertical force acting on the bed-plate of 
fBiuV - -jj . (hi being the angular velocity of the crank). 

The greatest reciprocating weight in the engines about to be oon- 
Bidcred is 608 lbs. The connecting rod is 3 foot— 4 inch centres. The 
crank is 9 inch radius. Therefore, if a rotary weight of 608 Ibe, were 
pJaoed opposite the crank at 9 inch radius, there would be, at 400 
nrolntions, a resoltant upward force acting on the bed-ptale of 5,581 
llw, at the dciid cootR'S, and a resultant downward force of .'j,739 Ibe. 
when the crank is horizontal. 

These forces appear very large, but, when all the reciprocating parts 
of an engine are taken into account, it is seen that they balance one 
another to a certain extent. The remaining qnestion is : How great can 
these unbalanced forces due to the angularity of the connecting rod be 
without prejudicially affecting the vessel by producing vibrations P 

In II.M. torpedo destroyers, "Hanghty" and "Hardy," both the 
rotary and reciprocating parts are approximately balanced by one another, 
and by rotary weights, and up to 400 revolutions there is no vertical 
vibration in the veese!, and only a very slight horizontal vibration at the 
extreme ends. Thus it is known from experience that, with the weights 
and tJieir relative positions shown in Figa. 2 and 3 (Plates XXXVII. and 
XXXVI 11,) and the particular position in the vessel in which these engines 
are placed, the otherwise unbalance*! forces dne to tlie reciprocating 
wuights can be dealt with by rotary weights, and the horizontal forces set 
np by the rotary Ijalanee weights and the unbalanced portion of the vertical 
forces, due to the angularity of the connecting rod, can be neglected. 

• It ii Ti'H iiilciiileil to n'strt tbat tlice i-ouples ilo not trsd to net up Tibratioiis, 
but Umi, it) the it riter'i opinion, they will not produce vibiatioDs of ikn; moment. 
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In these vessels the engines are approximately balanced by rotary 
weights placed on the end cranks. The forward balance weight is 75*83 
lbs. at 9 inch radius and the after one is 177 lbs. at 9 inch radius, making 
a total of 252*88 lbs. Had rotary weights on each crank been employed 
there would have been a total of 3,172 lbs. at 9 inch radius, if such 
balance weights could have been applied, and the effect of the valve 
gears would not have been taken into account. Further, this enormous 
weight would have been setting up horizontal forces to such an extent 
that there is very little doubt that considerable vibrations would have 
been experienced. 

Pigs. 2, 8, and 4 (Plates XXXVIL, XXXVIIL, and XXXIX.) show 
a geometrical method of finding the rotary weights placed at the two end 
cranks which will balance the rotary and reciprocating parts to the extent 
stated above. In Fig. 2, A, B, 0, etc., are the positions along the shaft 
of the cranks and eccentrics. All reciprocating weights are considered 
as rotary weights at radii equal to the cranks or eccentrics driving them. 
From A, B, C, etc., are set up A A', B B', C G\ etc., equal to the 
respective weights multiplied by their radii, and they, therefore, repre- 
sent the centripetal forces acting on these weights when revolving at unit 
angular velocity. 

From the upper extremities of these forces are drawn lines parallel to 

the base line, meeting the vertical at A in B", E", F', etc. (B' and B" 

are not shown in the diagram). Lines are then drawn joining B", E", 

etc., to D, and these lines divide the respective forces in the ratio of the 

distances of the forces from A and D. 

, G' AG 
For example, G G' is divided at 0, so that tt-^ = p-^ • Therefore the 

force G G' can be replaced by two parallel forces G and G' in the 

same plane at A and D respectively. 

In this way all the forces are replaced by forces at A and D inversely 

proportional to their distances from these points. For convenience, the 

forces near D are divided by lines drawn from A instead of D. For 

, CO DC 
instance, C is divided by A 0" in so that ^y^ = p-r > and therefore 

C C is replaced by C at A and at D. When the force is divided 
externally at 0, as is L L', the portion L is positive, and L' negative. 
Fig. 3 shows the forces at A in Fig. 2 at their correct positions round 
the shaft (0 B extends beyond the diagram, but its magnitude is shown 
by nb). From A is drawn A^ parallel to L', I'h parallel to H, and so 
on to c'g parallel to G. Then by the polygon of forces, 0^ represents 
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in Difl^iiiludu and direction the reault&Dt of all the forces A, L', !!»■ 
ct«., and II force eqiml and opposilc to Oy will balance all these foriMB.! 

Similarly, in Fig. 4, Oe' representB in magnitudo nnd direction the | 
remiltant of the forces D, O J', B', etc. (0 is not shown, but is pfjial ] 
to le). In Figs. 2, 3, and 4, 1 incli = 10 nnits of forue. Og m Fig. 8 j 
mcnsnrM fi feet 8i inches, and therefore repnwente 682'5 nnita of 1 
force. To find tlio rotary weight which will, «t unit angolar velocity, ij 
require thi«t ccntripotiil force G82*5 must he divided by the distance of 
the wei(!ht from the ctntre of the.'sbaft. Therefore the forward bidnnce ■ 
weight ia 7S'8.^ lbs. at D inches from the centre of the shaft, and makes 
un iingle of hin^' 'fH with the high preasuns crank produced. 

In the same way the aJter-balance weight in found to be 177 lbs. at 
9 inch radiiiH, makini;; an angle of tan-' 269 with the second low 
preBBuro crank prodnced. 

To tihow tUu ncoumoy with which this method can be worked, the 
forward txilanee weight was found by tlie ordinary metliod of calculating i 
the oontre of gravity duBcribod by Mr. Yarrow to be 75'668 lbs., making I 
an angle of tan-' '64, working to three places of decimals. \ 

The advantages of dealing with this anbject geometrically are — that • 
ono in raucli Igmb liable to make a mistake ; one can ton ut a glance bow \ 
by slight varialioriB in the design of tht- eripne the necessary bnlanoo ' 
wcighto can be reduced ; and the time occupied is extremely short. 

For instance, looking at Fig. 3, it is seen that by increasing B the 
resultant 0^ will be rednccd, and, from Fig. 4, by diminishing B' the 
nsultant Oe' will be reduced, and, from Fig. 2, B will be increased, 
and R' reduced by bringing B nearer to A. Similarly, both the 
rcRullanta are reduced by bringing C nearer to D, showing that the 
engine is more nearly self-balanced with each pair of cylinders as close 
t<^cthcr as possible than had tbe valve geara separated them. Messrs. 
Thorneycroft even go so far as to incline the cylinders from the vertical, 
so as to bring them still closer. 

It is also seen that by increasing the weight of the air pump (N N', 
Pig. 2) and the stem-way valve gear for the second low pressure cylinder 
(M M', Fig. 2) tiiat Imth balance weights will be reduced. Further, any 
alteratinns iiiaile as almve do not necessitate the dii^jr.uns bt'ing rccou- 
structcd, but their exact effect can be found by a few strokes of the 
pen. 

In Fig. 3 the air pump (0 N) comes directly opposite to the resultant 
of the forces. It wivs, of course, placed in this particular position so m 
to assist in balancing the engine. 
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It has been poimed oat above thas a locarj weigfai is far from 
balaDcing a reciprocadiig weight. The same ma v be said of a lecipro- 
cadng ooonterweight imder the same conditions, bat to twice the es^tant ; 
iiifiJb is to say, on the dead centres there is a resoltant npwaid Tertical 

force acting <m the bed-plate of imaA- . , and when the crank is horiiontal 
a lemltant downward fcHce of 2jif«rV 



Thns, bobweights may be emjdoyed as has been done bj Mr. Yarrow^ 
or the end reciprocating weights may be so arranged as to act as bob- 
weights as explained by Mr. Schlick, bat still there will be certain 
nnbalanoed vercical fences, and althoogh it has not yet been foand 
necessary to take these forces into consideration, they shoald not be lost 
sight of as eadi step in advance is being taken. 

The Pa8T-Pbeside5T said he most congratalate the Institution upon 
the prodaction of two sach papers, the one by Mr. Ferrier and the other by 
.Mr. DoxforcL He was very prond to think that they had a Bachelor of 
Science on the one hand, and B.A. of Cambridge on the other, reading 
kindred papers on the same evening, and the resalts of their training and 
learning, given there that night, was very satisfactory to the Institution. 

The proceedings were adjourned. 
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NOETH-BAST COAST INSTITUTION OP ENGINEERS 

AND SHIPBUILDERS. 



Twelfth Session, 1895-96. 



PROCEEDINGS. 



SEVENTH general MEETING OP THE SESSION, HELD IN THE 
ATHEN^UM, WEST HARTLEPOOL, ON SATURDAY EVENING, 
APRIL 25th, 1896. 



ROBERT THOMPSON, Esq., J.P., Past-Pebsident, ik the Chaib. 



The Secretary read the minutes of the last General Meeting held in 
Sunderland, on March 20th, 1896, which were approved by the members 
present, and signed by the Past-President. 

The ballot for new members having been taken, the Past-President 
appointed Messrs. W. Stevenson and M. 0. James to examine the voting 
papers, and the following gentlemen were declared elected : — 

MEMBERS. 

Common, John B. A., Engineer, 51, Mount Staart Square, Docks, Cardiff. 

Hesketh, Thomas, Marine Surveyor, Bryn Tirion, Richmond Road, Cardiff. 

McKechnie, James, Marine Engineer, Messrs. Naval Construction and Arma- 
ments Co., Barrow-in-Pumess. 

Nicholson, Walter E., Boilermaker, Hebburn Boiler Works, Hebbum-on-Tyne. 

Whitfield, Thomas, Engineer, Messrs. Tyne Dock Engineering Co., South 
Shields. 

GRADUATE TO MEMBER. 

Dnckitt, John Brentnall, Electrical Engineer, Messrs. Sunderland Forge Co., 
St. Luke's Road, Sunderland. 

voi^ xiL—iaee. 14 
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Hogg, John Thomal, Shipping IroniDouger, Bute DogIcb. Cardiff. 

Storej, Christopher, Agaiit, 28, Hiillj Avenne, Jesinond, Newoutle-oii-TTne. 

Bobaon, John William, Timber Merchant, O, King Street, NeweaBtlo-on-Tyne. 

GRADUATE. 
Turner, Chnrlra N., Apprentice Engineer, 2, Keirbnrn Luie, Neirburn-nn-TjBe. 



The Past-Prebtdbnt intimated that he hnd a t«Iegram from their 

President to say that on acconnt of biiBinesa in London it was impOHsible 
for hiffl to be prcBent. 



NOMINATIONS FOR THE COUNCIL. 

The PA8T-PBEaiDENT Said that in accordance with Article X. of the 
Oonstitntion the following gentlemen would retire from the Conncil : — 
President— Aid. Thos. Riehardson, B.A., M.P. ; Vice-Presidents— Messre. 
A. Laing, Jamea Patterson, and M, .SandiBon ; Ordinary Mi'mbers of 
Conncil— Mesara E. W. De Rusett, C. D. Doifoid, H. Fownos, W. Hiik, 
am! .T. C. Stirziiktr ; Hdc. Trtiwurer— IMr. G- E. Miiciirthy. 

Oq behalf of the Council, in accordance with Bye-law 11, he had to 
nominate the following gentlemen, to be balloted for, to fill up the 
vacancies : — President — Col. Henry F. Swan ; Vice-Presidents (three to 
be elected) — Mesers. E. W. De Rusett, James Patterson, M. Sandison, and 
J. C. Stirzaker ; Ordinary Members of Council (five to be elected) — 
Meaars. Robert P. Doxford, M. C. James, Robert H. Muir, W. 0. Spenoe, 
Robert WallU, and R. 8. White ; Hon. Treasurer— Mr. G. E. Macarthy. 

The Pa8T-Pbesid£NT intimated that it was now open to any member 
at that meeting to make additional nominations. 

Mr. G. D. Weib nominated Mr. Snmmers Hnnter as an Ordinary 
Member of Conncil. 

Mr. W. Stevenson nominated Mr. Henry Fownes for the Vice- 
Prt-aidcncy. 

There being no further nomioatioua the Past- President declared the 
list closed. 
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THE VISIT TO CARDIFF. 

Mr. J. R. FoTHBRGiLL, by request of the Past-President, reported the 
result of a visit to Cardiff along with the Secretary (Mr. Duckitt) in con- 
nection with the invitation to the Institution from the engineers and 
shipbuilders of that district. It was proposed to proceed from Newcastle 
by special train on Monday, 22nd June, and return by special train from 
Cardiff on the following Saturday. Each day would be taken up with 
visits and entertainments, for which a local committee had arranged, and 
the particulars of which would be circulated in a programme of the pro- 
ceedings. 



FROCEEDINOfi. 



Tfio discussion on Mr. M. 0. Jmnea's paper " On Some Stnit-'LiirHl 
Delaila of Modcru Ships " was resumed aud adjuumed. 



Tbe discuaaioB on Mr. R. M. Ferrier's and Mr, A, B. Doxford's papen 
on " High Spoed Engines " was rL-sitmwi jirul aJjonrnod. 
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ADJOURNED DISCUSSION ON ME. M. C. JAMES'S PAPER 
"ON SOME STEUOTURAL DETAILS OF MODERN SHIPS." 

Mr. Geobgb N. Abnison, in resoming the discussion, said it was 
full of details, and must have required considerable time for its prepara- 
tion. Any remarks made on such a paper were apt to be disjointed. 
He had not much to say from a critical point of view, the paper being 
generally very complete. As regards the joggling of plating — one of 
the most important improvements in ship construction — it might be 
interesting to remember that joggling was used in the shell of a vessel 
far earlier than in any instance referred to by Mr. James, viz., in a 
barque called the "Richard Cobden," built in the year 1844 by Mr. 
James Hodgson, of Liverpool, classed twenty years in black in the late 
Liverpool Underwriters' Registry, the class being renewed in the year 
1865. He remembered seeing a midship section of the vessel after she 
was twenty years of age, which showed that joggling was adopted in 
order to dispense with the shell packing— the same object that had been 
accomplished by Messrs. William Doxford & Sons by their patent 
machine. In the "Richard Cobden," instead of joggling the shell 
plating, the frames were joggled, the plates being fitted clinker fashion, 
each strake having an in and out edge. It was a very expensive process, 
and did not appear to have been repeated. This instance, however, 
served to show that very early in iron shipbuilding the question of 
obviating the use of packing engaged the attention of shipbuilders. 
Another point he would call attention to was as regards the hold 
stringers. Mr. James illustrated what might be called the new ways of 
fitting them in Figs. 15 and 16 (Plate XXIV.), and what they might call 
the old fashion in Figs. 18 and 14 (Plate XXIV.). The arrangements 
shown in Figs. 15 and 16 got over a difficulty which very often must pre- 
sent itself to those who were dealing with details in ships. Take a ship 
carrying a coal cargo outwards and a grain cargo homewards, there were 
awkward pockets in Figs. 13 and 14 inside the reverse bars, and he 
remembered a ship being built not so long ago where the builders were 
requested to put chocks in between the frames to facilitate the removal 
of the dirt that accumulated. This the builders declined to do, unless the 
extra cost was allowed. He would like to know Mr. James's experience 
in this matter. Certainly, if the plans shown in Figs. 15 and 16 were 
adopted, the pockets would be very easily cleaned, but when hold stringers 
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were fitted, as in FigB. 13 and 14, there was of necessity an occamnlatioa 
of filth in tiiese corners which would be apt to damage a efcan cargo if ' 
not removed. So the arrangement in Figs. 15 and 16 was a decided 
improvement, and if shipbuilders would not adopt it the owners shonld 
compel them to put chocks in the spaces between the frames, as other- 
wise tlie ship could not lie said to be efficient for the purpose of carrying 
any kind of car^o, 

Mr. J. R. FoTHEKOiUL said there were many gentlemen present who 
had considerable experience in the repairs of damaged stcru frames. It ( 
was well known when a ship took the ground tlie stern poet usually farod . 
badly, and this they might well anticipate, seeing a steamer's draaghl was < 
usually gri!at4:Bt aft. When a steamer dry-docked after grounding and ' 
damage waa found to the stem frame, it usually meant a serious repair 
account, as thei>; was no reliable means at present for rejiairing such 
frames in their places. His experience was that it was cbuaiier t4) at onou 
cut the frames out and not attempt welding in places in the dock. This 
frequently meant considerable time and floating the ship out of dock 
until the frame was repaired, whereas, with frames shown in Mr. Junie»'ii 
paper, a new piece could be fitted, or the damaged piece diaconnocted aud 
straightened, without disturbing the frame in pl.iee, am! thna it appeared 
to him, from a shipowner's point of view, such jointed frames were not 
without advantage. With regard to joggled plates, he did not think that 
anyone was going to claim that joggling plates was a new idea, but he 
thought that every practical man would admit that it made a better job 
than at present, where they depended ao much upon packing. The 
question was what was the objection to the practice ? The answer — cost. 
He understood that had been overcome by the special machiiiery referred 
to by the author in his paper. If that waa so the sooner it became 
universal the better. 

The discussion was further adjourned. 
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DISCUSSION ON MR. R. M. FBRRIER'S AND MR. A. E. 
DOXFORD'S PAPERS ON "HIGH SPEED ENGINES." 

Mr. James Patterson said that the papers were so clearly written, 
and everything so carefully described, that one could not fail to be struck 
with the ability displayed in them, in fact the papers did not lend them- 
selves to that fertile source of discussion — adverse criticism. The 
subject of balanced engines was one with which be had had a great deal 
to do lately on the Yarrow, Schlick and Tweedy system. Mr. Perrier's 
and Mr. Doxford's methods of analysis very closely resembled those they 
had adopted, and they had found the graphic method of the polygon of 
forces most useful. Mr. Ferrier alluded to a point which he did not at 
first sight apprehend, namely, the necessity of taking the rocking moments 
round the centre of gravity of the engine. This, however, comes to 
exactly the same thing as the convention they adopted, namely, to find 
the unbalanced forces tending to lift or depress the engine bodily, which 
must take place through the centre of gravity, and the remaining couples 
which tend to rock the engine, and the moment of a couple is, of course, 
independent of location. The design of engine illustrated by Mr. Doxford 
was undoubtedly a good one, because the vertical balance of the main 
forces could, and had been, obtained with a comparatively small addition 
of balance-weights. Mr. Doxford had, however, been careful to point 
out that it was only the main forces that had been considered, that is, 
the forces due to the angularity of the connecting rods had been neglected. 
He further pointed out that the balance of the main vertical forces had 
been obtained by an increase in the want of balance horizontally. He 
(Mr. Patterson) was, unfortunately, unable to criticise the balance in 
detail, as it would be necessary to have the moving weights separated into 
their revolving and reciprocating components, which was not done in the 
paper. He had, however, carefully gone into the question, taking the 
weights of a four-crank balanced triple-expansion engine Messrs. Wigham 
Richardson & Co. are now building, and he found that if it had been of 
the same design as Messrs. Doxford's engine they would have had — 

1. To make a longer engine and therefore to make it structurally 

heavier. 

2. To add 2^ tons to the moving weights. 

8. To increase the shafting throughout to allow for the unequal 
turning moment obtained with the two low-pressure cylinders 
opposite to one another, and at right angles to the H.P. 
and I.'P. 



IftS 



DJSCUSaiON — HIGH SPEED ENGIKE8. 



4. The vertical balance not so guuil. 

5. The trorBioual balance not bo good, 
ti. The horizontal balaucc very mucU worse. 
7. The cranks not interchangeable even in pairs. 

He might say that the engines i-efen'od tn were 45 inuhus stroke, and I 
add that, however, a balance may be obtained by the addition of balance- 
weights to small engines be thought that it would be found impracticable 
in larger sizes. In concluBion he must say he had been much intereeted 
in the papers, and obliged to the gentlemen who wrote them. 

The discussion was adjourned and the meeting dissolved. 
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NORTH-EAST COAST INSTITUTION OF ENGINEERS 

AND SHIPBUILDERS. 



Twelfth Session, 1895-96. 



PROCEEDINGS 



CLOSING BUSINESS MEETING OF THE SESSION, HELD IN THE 
LECTURE HALL OF THE LITERARY AND PHILOSOPHICAL 
SOCIETY, NEWCASTLE-UPON-TYNE, ON TUESDAY EVENING, 
MAY 19th, 1896. 



ALDERMAN THOS. RICHARDSON, B.A., M.P., Pbbsident, in the Chaib. 



The Secretary read the minutes of the previous (Jeneral Meeting, 
held in West Hartlepool, on 25th April, 1896, which were approved by 
the members present, and signed by the President. 

The ballot for new members having been taken, the President 
appointed Messrs. H. MacoU and R. L. Weighton to examine the voting 
papers, and the following gentlemen were declared elected : — 

MEMBERS. 
Barrett, A., Engineering Science Teacher, Staith House, West Hartlepool. 
Brew, George, Marine Surveyor and Consulting Engineer, 85, Water Street, 

Boston, U.S. America. 
Llttledale, John W. E., Engineer, 65, Campbell Street, Newcastle-upon-Tyne. 
See, Horace, Consulting Engineer, etc., 1, Broadway, New York City, U.S.A. 
WalUker, John George, Engineer, Barry, near Cardiff. 

ASSOCIATES. 
Bird, WiUiam, Secretary of American and Moor Edge Steam Laundries, New- 
castle-upon-Tyne, 8, Latimer Street, Tynemouth. 
Riddle, John C, Accountant, 60, Grey Street, Newcastle-upon-Tyne. 
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CONSULTATIVE COMMITTEE TO THE BOARD OF TRADE. 

The appointment of the following gentlemen by the several Institn- i 

tions, aa a. ConBiiltative Committee to the Marine Oepartmenb of the | 
Board of Trade, was intimated : — 

Appointed hy Oie InsiiliiHon of Navnl Arc/ulecta, London. — Dr. F. 

Elgar (K), F,R.S., London ; Mr. A. Blechynden (E), Greenwich ; Mr. A, . 

Adamson (S), Batrow-in-Fnrncss ; Mr. A. E. Beaton (S), Hali. | 

Appointed hy fh^ ^orth-Eml Coast Inslitution nf Enginm-s and Ship- ' 

bmldert. — Col. H. F. Swan (8). Newcastle-upon-Tyne ; Col. John Price ] 
(8), NcwcaHtle-npon-Tjne ; Mr. D. B. Morison (E), HartJepool ; Mr. 

J. H. Irwin (E). Sunderiand. | 

Appointed by the fnstittilion of Engineers and Shipbuitderi in Sfot- . 

land.— Mr. Jae. Hamilton (8), Glasgow ; Mr. C. Connell (8). Wliteinch, t 

Gliisgow i Mr. Jamee Denny (E), Dumbarton ; Ur. W. Moriaui (E), ] 

Glasgow. I 

Appointed by ttie Chamber of Commfrcf, Bel/aaf. — Mr. Pmtten 

(Messra. Uarland & Wolff, Limited). ' 

The Pbesidhnt, in explaining the appointment, said moat of them ^ 
would be aware there liad been for some time a desire on the part of 
engineers and shipbuilders generally throughoat the country, that an 
endeavour should be made to have a committee to act with the Board of 
Trade, aa the couBultative committee now acted at Lloyd's, and which had 
proved very successful. The executive of the scientiGc institutions and 
employers' associations connected with engineering and shipbuilding on 
the Tyue, the Wear, the Tees, Hartlepo)!, the Clyde, and Belfast, were 
called togellier in London, and appointed Mr. Wolff, M.P., Col. Denny, 
M.I'., and himself, to have an interview with Mr. Ritchie, M.P., Pre- 
sident of the Board of Trade, who agreed to receive a deputation on the 
sul)jcct. When they met they pnt before Mr. Ritchie certain pro- 
posals, which proposals, he said, he was not able to accept, although he 
was quite in sympathy with their movement. He pointed ont the Board 
of Trade was not in the Sitme position in regard to this matter as Lloyd's 
Committee. The difficulty they liiul to face was, that they had to deal 
with a large number of different matters, and he did not see how he 
could niakc an exception in their case ; but he said whilst be could not 
acwpt the committee on the lines they proposed he would only be too 
happy to consult from time to time any committee they mi^ht appoint. 
It BLeEued the general desire that the committee should be formed on the 
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same lines as that elected as the consultative committee for Lloyd's, so 
that in following that line, of course, the Institutions who elected that 
committee above-mentioned were each desired to appoint four, two ship- 
builders and two engineers. As far as Ireland was concerned they had 
not any scientific institution, so they obtained the thirteenth nomination 
through the Belfast Chamber of Commerce, and he thought the representa- 
tive appointed (Mr. Pratten) would be considered, in all their opinions, a 
most excellent one. He was of opinion this committee might in the future 
become of great value to the engineers and shipbuilders of the country, 
and that the Board of Trade would find the value of having such men as 
had been chosen to consult on technical matters in connection with these 
great industries. It might in course of time become also a vehicle of 
communication with the Marine Department regarding the grievances of 
engineers and shipbuilders in their respective professions. 



PR0CJBBDIKO8. 



Mr. M. 0. James replied to the discQBBion on liis paper " On Some I 
Straotnml Detaile of Modem Ships." 



Mr. R. M. Fbbrikb and Mr. A, E. Doxford replied to Llie diacnsBioii I 
on their papers on " High Speed Bnginee." 



The cloeii^ busiueaa of the aeeaioa wub lliuu prouwJcd with. 
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REPLY TO THE DISCUSSION ON MR. M. C. JAMES'S PAPER 
"ON SOME STRUCTURAL DETAILS OP MODERN SHIPS." 

Mr. M. C. James, replying to the discassion on his paper, said it was 
gratifying to know that the principal object for which this paper was 
prepared had, to a large extent, been attained, for the reading had been 
followed by a most instructive and interesting discussion on many of the 
matters dealt with. There had not, however, arisen very much demanding 
any further attention at his hands, for, on the whole, the comments of 
the various speakers had been in pretty close accord with the views 
advanced in the paper; but some questions had been asked and 
points raised that called for reply, and with these he now proposed to 
deal. 

Mr. Cruickshank found himself unable to agree with the general 
statement made that when flanging was adopted weight was lessened, and 
quoted the very extreme example of a floor plate with the top edge 
flanged in lieu of a reverse bar. In such a case, owing to the ^V^^ 
addition to the thickness, wisely, he thought, demanded by Lloyd's, 
there was certainly no saving in weight, nor was there in any case where 
the area of the plate was large compared with the lengths of the edges 
flanged, but flanged floor plates were rarely fitted, and in smaller work, 
like brackets, knees, etc., there was an absolute and considerable saving 
in weight Regarding his enquiry as to whether Lloyd's had asked for 
any increase to the thickness when joggled plating was adopted, no such 
addition had, he understood, been demanded, and, indeed, there did not 
seem to be any valid reason why the joggled plates should be thickened, 
for it is a vastly different form of joint to a flanged connection, and the 
joggling process did not produce local molecular disturbance in the 
material to anything like the extent that flanging did, besides the 
joggling is always done cold ; there is, therefore, no loss by furnacing. 

Mr. Stewart spoke with evident feeling on the subject of the grievous 
corrosion in boiler room ballast tanks, and advocated the plan, sometimes 
adopted, of maintaining the cellular construction throughout the engine 
and boiler space, the portion immediately under the boilers being reserved 
as a dry tank. This was, no doubt, preferable to having a water ballast 
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compartment at that part, and had uot the gnivi- <lifi[u]vaQtage§ uf ao 
open bilge ; but it was to be feared that the corroaion of the top plating 
would still go on, though probahly at a less rapid nite. 

Mr. MeColl in his valuable contribation to the diseiwsion vcty 
properly emphasized the iinportanw; of that ever -to-be-reckoned- with ( 
factor in shipbuilding operations, tlie labour diSicnlty. It was beyoiul 
question that many very desirable structural iiuprovemeDte had been 
delayed, and in some inBtances entirely shut out, through eonsiderationg 
of this chanicter; similar impediments were experieocud in almost all 
manufacturing trades ; but even the most powerful trade unions— like 
other' autocratic bodies — had eventually to make way tor the inexorable 
march of progress. Mr. McColl also drew attention to the importance of 
reducing as far as possible, tor economy and simplicity's sake, the variety 
of sections of bars, etc., used in shipbuilding. The buffer or rubber 
koels described by him were undoubtedly a useful innovation, and similar 
keels of somewhat less scantling, about 10 inches by S inches, are being 
Htted in several ;*essc1s now building in this district. As to the R'orphiug 
of forged iron stempoets, he iiad not experienced the opposition to 
which Mr. McCoil referred, though he had fitted stcrnposts of this 
description in about u dozen new vessels during the last three years. Tbu , 
introduction of double riveting in the bow of forgtsl iron framed nidden ' 
is a somewhat old idea, which was foand to work out fairly well in 
practice. The extremely ingenious design of flanged stringer sketched 
by Mr. McColl was a striking illustration of what conld be accomplished 
when the details of construction were not slavishly copied from or made to 
comply with hard-and-fast books of rules ; and a stringer of snch a section, 
though rather diffcalt and expensive to construct, would be very suitable 
in coal and grain carrying vessels. As bo the cellular versus the girders-on- 
floor style of double bottom, certainly from a surveyor's, repairer's, or tank 
crawler's point of view the latter form was the best, but from consider- 
ations of structural strength, whether for withstanding longitudinal 
strains, or in case of grounding, or even economical construction, there 
conld scarcely be two opinions as to which was the superior. Mr. McColl 
was a little severe on the hollow half-round bars for sides of hold ladders. 
A somcwliat extensive experience of liiddcrs so constructed did not lead 
him to acquiesce in Mr. MoCoH's sweeping condemnation of them, though, 
jjcrhaiis, for rough deadweight trades they were not so strong as were solid 
pillars. It was somewhat surprising to find Mr. McColl describing the 
fliuiging of the floors on Iwtii top and bottom edges, instead of fitting 
rijvurse liars and frames, as making "a nice job," for so far tw his somewhat 
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limited experience of this aystem had gone he had fonnd it lead to meet 
irregular and aneven work, and produce a very nasty job, both for the 
outer and inner bottoms, owing to the diffionlty in setting the flanges of 
all the floors bo exactly the same angle, and maintaining a nniform and 




A 5 



correct depth and height of floors. It was likely similar objections would 
apply to flanging the floor ends against the tank margin plate. As 
bearing on the relative efficiencies of combinations of plates and angles 
compared with flanged joints it might be interesting to pnt before the 




Institntion the results of experiments which were made in this locality 
some time ago. Three boxes were bnilt as per sketch,' They were all 
12 inches long, and of same scantling, and were subjected to crushing forces 
nntil they collapsed. 
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A coUapeed nnder a Btrain of 48 Ions. 
B „ „ „ 23 „ 

„ „ „ 18 „ 




Mr. Moir nccueed him of wifshing to clog aud hinder the bnlldera 
becanse he )iad advocated structural arraugemeuta which facilitated 
repttira, and he advanced the somewhat novel and rather mischivvoiu 
propoBition that Bhipbnilden? should not care what happened to a ship 
when silie rorjuired rtpiiii-s, hihJ thiil, thiy oiiijht not to malte much pro- 
vision for going on rocks and damaging the bottom. To his mind, one 
of the first guiding principles in the arrangement of the atmctnral details 
of ships was to make them efficient, as far as ever possible, against the 
perils of the sea and dangers of navigation to which shipe must 
necessarily be exposed, and all parts should be ea«ily repairable when 
dalnt^;ed. Shipbuilders do not exist for themselves alone, and it shoald 
be remembered that a ship's life was only beginning when she left her 
builder's yard. Now, he ventured to think that the shipbuilding firma 
whose reputations would grow, and whose customers would return to 
them, would be those who had this fact always in view and rightly 
appreciated it« vital importance. Mr. Muir did not admire the parallel 
st«m bar, with an angle iron attachment to the keel plates ; it certainly 
was not so sij,'htly aa the solid bar for^'cd to the shape of the forefoot ; 
but, with care in laying off and construction, it made — as Mr. De Rnsett 
pointed out — a very ellicient and tnistwortliy connection. 

Mr. .\ndrcw Young, in his coiiinumication, rather unfairly quoted 
certain extracts from the paper as con.stituting an accusation against the 
ri'gi?trittion societies that they liiid delilwrately set tbeniselvea to retard 
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progress in the details of ship constructioii ; but a reference to the con- 
text would show that what he sought to maintain was that the very 
existence of set rules and tables of scantling did per se tend to stultify 
inventive progress and to lead to the pursuit of mere custom, 

Which aU mankind to slavery brings 
That dull excuse for doing siUy things. 

Regarding the general policy of the various registration societies, he was 
not going to indulge in any invidious comparisons ; they were all honour- 
able bodies, and very useful in their way. He had, however, in his mind's 
eye midship sections submitted years ago showing certain proposed 
details, and returned from headquarters with these flights of fancy ruth- 
lessly scribbled over in sanguinary colours, and the direct veto, '' as per 
rule," scrawled alongside ; yet many of these selfsame proposals are 
common practice nowadays. 

Mr, Robert Thompson greatly advocated the use of Z bars for frames. 
The absence of rivets was an important desideratum, but where it is 
desired to do away with hold beams in large vessels it was not possible to 
get Z bars of sufficiently large section to give the requisite strength ; 
hence the girder framfes had to be resorted to, but in smaller vessels they 
suited admirably. As to the saving of packing said to be secured by the 
adoption of the joggled plating, the figures given in the paper were those 
of the patentees, and are said to have been arrived at after careful 
calculation. 

Mr. Amison raised a question as to the practice regarding the filling 
in of the pocket spaces between the frames on the hold stringers at 
the shell. So far as his experience went shipbuilders did not fill in 
these spaces in the holds with wood and cement without extra charge 
unless they were specially specified. These pockets were very trouble- 
some in coal and grain carrying ships. 

In conclusion, he desired to thank the various gentlemen who were 
kind enough to take part in the discussion, and he trusted that when 
another decade had passed away there might be introduced in the interim 
further improvements in the details of ship construction, sufficiently 
important and numerous to warrant another paper to deal with them. 

The President had great pleasure in moving a hearty vote of 
thanks to Mr. James for his excellent paper on "Some Structural 
Details of Modem Ships." 

This was accorded by acclamation. 

« 
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172 DISCUSSION — BALAKCIKO HIOH SPEBtt ENOINEH. 

ADJOURNED DISCUSaiON ON MR. R. M. PBRRIBR'3 PAPER 
ON "ENGINES AT HTOH SPEEDS." 
Mr. R. M. Feubiek, rererring to the disuosaion on Lis pupcr "The 
Determiiution of the Forces which produce Vibration with Tbree-cmnk 
Engines at High Speeds," was afraid he had little to say in reply to the 
discuasiori, as scarcely any poiut was raised which lent itaelf to rtiply. 
Mr. Patterson's criticism had not gone into any point to which he (Mr. 
Perrier) had to reply. In fact, Mr, Patterson dealt more with thu 
question of the balancing of the engine with which, as he (Mr. Perrier) 
wns careful to point out, he was not in the least degree concerned. Ho 
took the engine a& it was actually built, and tried to show the method 
which seemed to him best to find the forces involved. He was purely 
eDga>;ed with the forces involved and not with the actual balance pro- 
duced, so as the question of ihe method had not been raised he felt he 
had scarcely anything to say. He had only to thank the raembers of 
the Institution for the way in which they had received the paper. 
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ADJOURNED DISCUSSION ON MR. A. E. DOXPORD'S 
PAPER "ON BALANCING HIGH SPEED ENGINES." 

Mr. A. E. DoxFOBD, in closing the diecitBsion on bis paper "On 
Balancing High Speed Engines," said he must thank them for the way in 
which they had received it. He thought that the only point there was to 
reply to was the one raised by Mr. Patterson that the Yarrow, Schlick, 
and Tweedy type of engine was easier to balance than the foar-crank 
engine described in the paper. Not having had the opportunity of seeing 
this design of ei^ne, he was nnfortnnately not in a position to answer 
Mr. Patterson's criticism, bnt he was sore they wonld all tie glad to have 
a paper from him on this subject next session. Of contse the engines of 
the " Haughty " and " Hardy " were merely given to illustrate the paper, 
not as examples of perfect balancing. 

The President moved a hearty vote of thanks to Mr. Perrier and 
Mr- Do.tford for their papers. 

This was accorded by acclamation. 
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CLOSING BUSINESS. 

Mr. Hugh Macoll moved, and Prof. R. L. Weighton seconded, 
that Mr. R. W. Sisson be re-appointed Auditor. 

Agreed. 

NEW MEMBERS OF COUNCIL. 

The President had much pleasure in intimating that Col. H. F. 
Swan had been unanimously elected President of the Institution for 
next year. Also, Mr. E. W. De Rusett, Mr. Henry Fownes, and 
Mr. James Patterson had been elected Vice-Presidents ; Mr. 6. E. 
Macarthy, Hon. Treasurer ; and Mr. R. P. Doxford, Mr. Summers 
Hunter, Mr. M. C. James, Mr. W. 6. Spence, and Mr. Robert Wallis, 
Ordinary Members of Council. 



INSTALLATION OP THE NEW PRESIDENT. 

The Retiring-President said it was at once a painful and pleasurable 
duty he had now to perform, namely, to install his successor, and that 
meant making way for him in a presidency he had much enjoyed. At the 
same time, he could assure Col. Swan that it gave him great pleasure to 
make way for the new President, and he considered the Institution very 
fortunate in securing Col. Swan. It was not necessary, and, in fact, he 
might go a little &rther, and say it would be a presumption on his part 
to attempt to enumerate the qualifications Col. Swan had to occupy the 
presidency of this Institution, or that he should advance them in New- 
castle ; but he had had the pleasure of knowing Col. Swan for a great 
number of years personally, and he could assure him that he could not 
have any greater pleasure than the duty that devolved upon him at that 
moment. He was quite sure in Col. Swan they had secured a President 
who would in every way maintain the dignity and character and influence 
of this Institution, and the high position it now occupied. As President^ 
he had met many people and gone to many places, and he could assure 
them he had been no more astonished than delighted at the manner of 
his reception as their President. He could assure Col. Swan that he 
would be well backed up by a very able Council, who, if he had any 
tendency to go from the straight line would very soon bring him back, 
and have a very able adviser, as he had found, in the person of the 
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Secretary of the TnstitutioD (_Mr. Duckitt). He thought the Inatitntion 
muat be in every way satisfied to have Col. Swan as their President. Aa 
they all knew, he Imd long occnpied au enuDent position in the ahipbuitd- 
iug world, and was a director of one of the greatest lirma in this country, 
which stretched tla arma all over the world. He could outy hope that 
during his term of office he would enjoy it as mneb aa be bad done. He 
had no doubt that the affairs of the Institution lu every way would 
continue to prosper while Col. Swan occupied the honourable position of 
itiB President. 

Aid. Richardson shook hands Aith his enccessor, and vacated the 
cbair in his favour. 

The Phbsiijbnt (Ool. Swan) said he need not say that be appreciatod 
very much indeed the honour they had done him iu electing him Preaident 
at tliia Institution. He bad sonie dilSdence in speaking to them after 
the very flattering terms iu which Mr. Richardson had referred to him. 
He had had the pleasure of knowing him for a great many year?, and 
appreciated therefore all the more the kind words he had said. When he 
(the retiring President) was good enough to bring to his uotice the dcNre 
of the luBtitutiou that he should accept this position, he certainiy hesi' 
tated. He (the President) was at the inaugunition of iho InetJtnti( 
now a good miiny yt.'.irs ago, and he had no idea then that it wonUl g] 
to the importance it had since attained. Its expansion had been traly 
marvellous, and although it might not be expected to rank with the very 
old and tried asBOciationa in London, still there was no donbt that in the 
provinces, and on the North-East Coast here, it was carryuig out a moat 
important edacational work. They did not pret«nd, he anppoeed, that 
they were members of this Institntion merely for the sake of pleasnre or 
as a pastime. He was sure that they all recognised that it was a means 
to an end, that they should, in meeting together, import infonnation to 
one another and raise the standard of scientific education in the neighboar- 
hood so as to enable them to compete in the markets of the world for the 
trade by which tbey all lived. There was no doubt that one of the most 
formidable coiiipctitora they had at the present time was Qermany. 
Now, it was well known that Germany had been In the forefront for a 
groat many yuiirs with scientific education, and he firmly believed that a 
grwit ileal of the success which had attended German enterprise, had 
l)een through that same Bciuntifie education, backed by dogged perse- 
verance and good business qualities. Foreign competition was no myth 
nowailays, and the oTdy way they could meet it was by fostering 
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scientific edncation, enabling them to tarn out the highest quality of 
work at the lowest cost. That was the keynote they had to sound un- 
doubtedly. He could only say that any services he could render to this 
Institution would be cheerfully given, and although he had got to follow 
some very eminent predecessors, which made it all the more difficult for 
him to fulfil his duty, still he would do his best, and rely, as Mr. Richard- 
son had kindly pointed out, upon the assistance of the Council, who were 
really the hard-working part of the Institution, coupled with their 
Secretary, whose acquaintance he had had the honour of having for a 
great many years. He would not detain them longer that night, but 
merely again thank them for the great honour they had done him, an 
honour which, moreover, he felt carried great responsibility. However, 
he accepted it, and would do his best to further the interests of the 
Institution. 



VOTE OF THANKS TO THE RETIRING PRESIDENT. 

Mr. Wm. Boyd said he occupied a position that evening which he 
had occupied on more than one previous occasion, and he should like to 
endorse what had been remarked by Mr. Swan, that those who assisted 
at the formation of that Institution some twelve years ago had very 
little idea or expectation that it would reach the position it now occupied 
in the scientific ^orld. Referring more particularly to their retiring 
President, he felt that they were particularly indebted to him for the 
services he had rendered to them during his term of office. During the 
last part of that period his attendance at the meetings of this Institu- 
tion had, of course, been to a certain extent interfered with by calls in 
another direction ; but he would submit that support to an Institution 
or to any cause might be given in various ways, and their retiring 
President had, to his knowledge, brought the position, and the influence, 
and the work of this Institution before their professional friends and the 
professional public in a way which he could not have done occupying 
any other position than that to which he had been elected and held 
in the House of Commons. If, as he said, some twelve years ago they 
had been told that amongst their Past-Presidents there would be two 
members of Parliament, he thought they should have been entitled to 
be slightly incredulous ; and although the usefulness of the ordinary 
member of Parliament might be a matter of question, still, there was 
no doubt that so long as their domestic institutions existed it was 
extremely desirable that such an Institution as this should be adequately 
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represented. It wns a matter of very extreme pride and satipf action to 
themselTce thut tiiey hiul been tbc lueans, indirectly, of coarse, tlie 
indirect means of educating two pentlemeu to occnpy Bucli a distin- 
gniahcd positiou. He would not detain them longer except, pcrbaiD, 
for one pcraonal remark. He- would not refer to his own connection 
with this IngtitiitioD ; btit he might, perhapn, l)C excused for Eayiug that 
their new President waa hie oldest and most intimate profesaional friend, 
and they bad been intiiantety acquiiinted in business for more yiyin 
than either of them would care to talk about, and therefore they could 
uuderatand it was with the most extreme personal pleasure that he saw 
him in that chair, and as far na be (Mr. Boyd) was pt^rsonally concenied, 
he felt sure he would receive the cordial assistance of niemljers of 
Council, the Past-PreaidentE, and all those whose duty it waa to aasiat 
him in the working of thie Institution. He begged to ask them to 
join with him in a cardial Tot« of thanks to their retiring President. 

The proposal was acobded to by acclamation. 

Aid. RiCHABDBON heartily thanked che meeting for the vote of thanks 
passed to bim on retiring from the position of their President. He had 
this satisfaction in entering the lists of their Fast-Preaidcnta, that he 
joincfl some of the most honoured memhera of the engineering luid slii]*- 
building professions on the North-East Coast. He forgave Mr, Bojd for 
the slight he threw out at the sitting members of Parliament, for he 
asaured them he looked upon hiniwlf as a very ordinary member, but he 
thanked him for having said be had been enabled in some way to bring 
before engineers and shipbuilders in other parts of the world the value of 
this Institution. He could assure tbem he bad felt when he had attended 
meetings and dinners as their President that it seemed in no way neces- 
sary that their President should have " M.P. " after bis name. Indeed, 
he bad felt lately that it would be wise for the members of this Institu- 
tion carefully to look to the man they were going to elect as their President 
that they should not hit upon one likely during his term of office to 
occupy that position, for though it must of necessity be his desire to fulfil 
his duties as President of their luKtibulion, he must, in some measure, 
uppiar to negh*t them, lie could only assure them of tliis that during 
hiii term iw President of their Institution he had done bis very best to 
fulfil its functions. If he had at uny time appeared to fall short in any 
wity, il liiid not been for want of will (ir interest in the welfare of this 
liisiinitidi]. lie was very glad to liiivc that opjiortuuity of ibunking the 
mcniLHjr.s fur the courtesy and kindness tbey had at all times shown to 
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• him during his term of office, and he would like tx) thank most heartily 
the members of Council, the members who had at different times during 
the term of his presidency occupied the position of chairman, for the kindly 
help and assistance they had always given him, and he would like to 
include in those thanks their worthy Secretary (Mr. Duckitt). He did not 
feel, although he had got out of the chair, that he had, as it were, passed 
out of having interest in this Institution. He had noble examples before 
him in Mr. Boyd and the President who had gone before him (Mr. R. 
Thompson), and others. They had shown him that after he had left the 
chair, he must still continue, as it would be his pleasure, to take great 
interest in this Institution. He was satisfied to think that he should, 
during the next month, have the honour of representing their Institution 
in the trip they were going to make to Cardiff. As they all knew last 
year they had no summer excursion. He did not know how that was, he 
thought, perhaps, the general election that took place put such things out 
of their heads, at any rate they were going to make up for it this year, 
and he hoped as many members of the Institution as possible would make 
it their endeavour to be present. It was unfortunate that their new 
President would be called to other duties just at that particular time. 
He believed Col. Swan would be serving his country in another manner. 
He was rather thankful for that, as he should have the pleasure of going 
to Cardiff in his stead, and of endeavouring to fulfil to the best of his 
ability the duties which would not otherwise have devolved upon him. 
He thanked them again for the hearty vote of thanks accorded. 



THE RETIRING MEMBERS OF COUNCIL. 

Mr. Heck said he had just been asked by the Secretary to propose a 
vote of thanks to the members retmng from the Council. He might say 
that several gentlemen had already done that. He was also present at 
the first meeting of this Institution, and he could not help thinking, when 
so many referred — and rightly referred — to the value of this Institution, 
a great deal of that was due to the members of Council, and he proposed 
to illustrate that by something which applied to the efforts of the gentle- 
men who ruled the Institution. There was an old Greek story which told 
of an occasion where the Athenians were assembled. When the building 
was quite crammed an old man came in and looked hither and thither, 
but was unable to find a resting place until he came to where the Spartan 
ambassadors were seated, when the whole of them jumped up and offered 
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him a seat. The Athenians, who noticed the gracious act, filled the plaoa^ 
with applanse, " Ah !" said an ambassador, " the Athenians know i 
is right, bnt they don't do it." Now, the retiring Oouncillore not only i 
knew what was the right thing to do, bnt they did it ; and he had ihure- 
fore very great pleasiu^ in proposing a vote of tiianks to the retiring 
mem here of Council. 

The vote was cordially given by acdaiiiatioiL 



THE SESSION CLOSED. 
The Phesident said the only remaining thing to be done that cvcnlag' 
was for him to formally declare the session closed. As they knew, 1 
Institution would meet at OardifTon a pleasure escursion. He might 8ajr»^ 
as he happened to be tfaere a year or two ago with the Inatitote of Naval' I 
Architects, he could assure them of a good reeeption, and wonld tiad'f 
thiugs of very great interest there. It was a new town, coinpamlivd/'l 
speaking, and everything seemed to Iw growing at a great ral«. Thcj'fl 
would find there very large works — steel works, and sp on— and he conkfl 
BMUrc them they might look for a very tulcrustitig time. He wiut ou^fl 
Borry he should not he able to be tlnTo himself, iw hi; imd \u \«- in e.-imp" 
at Whitley during the race week. However, Mr. Richardson had kindly 
promised to look after them, and he was sure they wonld have no cause 
to regret the cliange for the occasion. He now declared this session 
closed. 



The meeting then dissolved. 
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REPORT OF THE REPRESENTATIVES ON LLOYD'S 
TECHNICAL SUB-COMMITTEE. 

We, the members of Lloyd's Technical Sub-Committee, 
elected by the North-East Coast Isstitntion of Engineers and 
Shipbuilders on the 13th October, 1890, think it due to the 
members of the Institution to give a brief report of the work 
done since we were honoured by being elected your representa- 
tives, 

24th March, 1891. 

At this meeting of the Technical Sub-Committee, a letter Chain Cables, 
from one of our members was read giving notice that the 
weights of stud chain cables given in the new tables, 1890-1, be 
amended, as they did not correspond with recent practice which 
had been approved by the general committee. It was pointed 
out that the weights of cables, as given in the new tables, were 
much in excess of current practice; and as this extra weight 
was not considered necessary for safe working, after discussion 
it was agreed that the member should furnish full particulars of 
average weights. 

Rules for obtaining the scantlings of large sailing vessels Scantlings of 
were submitted by the Chief Surveyor, and the Sub-Committee v^sseU. 
agreed to recommend the several proposals to the General 
Committee for approval, 

A discussion occurred as to the height of engine and boiler E. and B. 
casings on awning decks, and it was eventually agreed to confirm ^*°^' 
the wording of paragraph 4, section 29, on this subject. 

The Chief Engineer-Surveyor submitted certain proposals Survey of 
with a view of the amendment of rules (section 48) for the BoUers. 
survey of engines and boilers. Those relating to the rules for 
boilers were adopted, with the addition of certain suggestions 
made by members of the Sub-Committee, 

The new rules for sizes of shafting, and for the use of cast Shafting, 
steel, were referred back to the Chief Engineer-Surveyor for 
further consideration. 
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2lBtJuly, IS91. 
Cbaiii CMus. Minimum weigbta of chain cables. 

bThig (|iiestiou came np ngiun for oonsideration at thii | 
meeting, a diagram being Rliown illustrating the difference I 
between tlie acale of minimnm weights and tbe cnrrent practice. J 
The matter was again deferred. 
SarvBj of The amunded rules snbmitted by the Chief Engineer-Surveyor 

BoSer^ ^'^ ^^^ periodical survey of engines and boilera, size of sliafts, j 

and use of ateel castings, were adopted by the Sab-Oommittee j 
with sonic elight modiiications. 
sircDRtii of The propoBal of two of the technical merabera of the Sub- 1 

Committee, that the Chief Engineer- Surveyor be rcqucBtul to 
consider the propriety of modifying the rules at present in force 
for the strength of boiler shells, was adopted. 



Sth April, 1892. 

The discussion on the table of minimnm weights of eabtoe { 
dcferreil from the last meeting, after consultation with tho 
chain -makers, was again bronght up, and a tabic of minimani I 
weightB was approved, being oonHidcrahly less than origiiMllj J 
inserted in tiie mica, and more in accordance with ciirn.-nt 
practice. The committee had before them a proposal to amend 
the rules relating to the size of beams, making the upper-deck 
beams in main and spar-deck vessels the same size as the main- 
deck beamB. 

Afi this proposition had nothing to recommend it, except that 
it would secure a uniform size of beams, the Snb-Oommitt«e 
rejected the proposal. 

Several other matters of minor importance were diacusaed 
at this meeting. 

Regulations as to the fittings of independent feed pumps in 
the engine room, and as to the connections for feed and ballast 
pomps, were agreed upon. 

The i[iiesLioii of the rules for the Htrcugth of boiler shells came 
up for disciisHioii, and evenUuilly a new fornmlu was agreed upon, 
the etiuct of which would be to reduce the thickness of boiler 
alii'lls alxiut 81 j-T cent. 

Foriiuihi for the streiijfth of fiirriiices were also considered, 
and it \vm agreed that the SiUiic ruk'S should apply to Fox aud 
Morisun funii.cus. 
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25(h October, 1892. 

On account of steel plates failing whilst being flanged cold it ^^ . 
was considered necessary to amend the mles for testing steel 
plates, so as to secure a more uniform quality of steel for ship- 
building purposes. 

A proposition to this eflFect was submitted for the Sub-Com- 
mittee's consideration, and after discussion it was deferred until 
their next meeting, the 21st March, 1893, when it was agreed 
that cold bend tests should be taken from all plates when it is 
known they are to be flanged. 

2l8t March, 1898. 

A proposition relating to the rules for raised quarter-deck Quarter-deck 
ships was considered. The Chief Surveyor proposed that the 
main-deck should be scarphed two or three frame spaces at 
the break, and a number of diaphragm plates fitted. Although, 
as pointed out, this arrangement would break up a lot of stowage 
the amendment was eventually agreed to, as the majority of the 
members considered that this type of vessel was not strong 
enough at the break of the raised quarter-deck. 

At the same meeting it was also recommended to the General ^^^^ Plates. 
Committee for approval that the floor plates and other parts 
of the inner bottom in the boiler space should be increased in 
thickniBSS. 

They also considered the proposal by one of the members for Boat Davits, 
regulating the size of boat davits and anchor cranes, and recom- CnuiM^ 
mended the same to be approved. 



28th November, 1893. 

The surveyors submitted that in order to obviate the necessity Wood Decks, 
of renewing a sound wood deck, when slightly worn below the 
limits of the rules, it was desirable to amend the rules so as to 
definitjly state when a deck should be renewed. 

The proposition was carried, as was also one relating to the 
minimum thickness of wood sheathing when fitted on an iron 
or steel deck. 

13th March, 1894. 

At this meeting a formula for finding the diameter of rudder Kndder 
heads was proposed by one of the members and agreed to. 
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Quality of steel for Bhipbaildinfr purpoaes. Tbe Chief Sirr- 
voyoT submitted an amendment proixffiiug to increase the elonga- 
tion limit from 16 to 20 per cent. After some diBcnssion this 
WH8 Hgrewi to. 

After considerable discnssion, occasioned by the remarks of 
the Chief Snrveyor, relative to fitting alnice valves on watertigbl 
bulkheads, it wae agreed that a parf^rapb should be inserted in 
the ralee leaving it optional whether thisu lire fittvd or noL 
Many Bbipownera objected to the valves being fitted, atatiag 
that there is always a danger of the water prewrnt iu the eiigiiw 
room bilges finding its way through the sluioe valves into the 
holds, thus damaging the cargo. 

24tk July, 1894. 

The Chief Snrveyor proposed that a new paragraph be 
added to the rules, roijuiring that main and weather-ileekft, 
when completed, to liave their watertightneas tested by a boae in 
the preseno! of tlie surveyors, who had to state in their lirW 
entry report the rcHult of thuse t«ste. 

This paragraph met with the approval of the Siib-Committ«C( 
and was recommended to the Qeoeral Committee for aooeptttnce. 

Rules for electrii^ light tin b<x»rd of wsatls wfit 8ubmiLU.-d 
at this meeting, and deferred. 

Several other matters were also discussed and deferred. 

4lh December, 1894. 

The resolution agreed to at the last meeting, that all 
main and weather -iXtAs should be tested was altered to read 
all upper and wea/A^r-decks. 

The proposed rules for use of electric light on board of 
vessels again came up for discossioo. 

After considerable discnssion they were amended, and reooni- 
mended to the General Gommittee for approvnl, 

Kulfs for the i>u[t stnips of shells of boilers, and for 
corruf-'iiUxl, ribbed, and otiier furaaces, were adopted. 



The Sub-Conimittcu coiisidu-ed n pnj]M>8Bl, siibmitu-d by 
the Cliief •Sur\'eyui', that a new section Ix.' added to the mles 
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providing definite requirements for vessels constructed with deep 
frames in lieu of hold beams and web frames. Although a 
number of vessels had been built with this system of framing, 
there was no table for the size of frames and stringers. 

It was considered that the proposed scantling was of suitable 
sizes, and would give as much strength as with other systems of 
framing. The addition to the tables was, therefore, with slight 
amendment, unanimously agreed to. 

Proposals having been made by the steel-makers with a view Sectional 
to obtain unanimity in the size and form of bulbs, tee bulbs, 
and angle bulbs, the Chief Surveyor's remarks upon these 
proposals were set forth, with proposed sketches to be inserted 
in the rules, and the Sub-Committee concurred in the proposals. 

12 fh November, 1895. 

Proposed addition of a new paragraph relating to vessels Three-deck 

Vessels 

built to the three-deck rule, with the wood middle-deck omitted, 
was submitted for discussion at this meeting. 

The eflFect of this paragraph was to make a compulsory 
freeboard the condition of the classification. 

It was proposed to penalise the ship in freeboard for dis- 
pensing with the wood middle-deck 

The members not approving of this, the subject was deferred 
until the next meeting. 

18th Fehrmry, 1896. 

The proposed new paragraph penalising the freeboard in Three-deck 
vessels built to the three-deck rule came up for discussion, and 
by some misunderstanding it was agreed that the wood middle- 
deck could be dispensed with, and the normal freeboard retained 
by taking the numbers without the 7 feet deduction for three- 
deck rule. 

24th March, 1896. 

Rule relating to the omission of the wood middle-deck. Three-deck 

A^eflsels 

A proposition was submitted to alter the rule agreed at the 
last meeting, and after considerable discussion it was agreed 
that a suitable paragraph be inserted in the rules defining in 
what manner the strength could be made up. 
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It was agreed that in such ve^sele the (ranies and revive 
framrB only should be taken to a numlier without thu 7 fw.i 
dedaction, if the normal fre«boani were desired. 

It was further pointed out that in Bpar-deck veaaeiB of sDiail 
d<;pth. in proportion to the leiifr''h. the nuinlicr and lhii;krieafi of 
iron decks iirid the thicknesa of thti tfjpside plating were niquired 
by the rules to bo greater than those of a three-deck aliip of 
the same dimenBions. 

This was considered nnfair (inasmuch aa the epar-dock 
ship bnj9 a greater freeboard than the three-deck ship), and aa 
addition to the nilee was proposed, stuting that in no niMe nead 
thu thiuknees and number of nUiel or iron docks and the material 
at tlu- upper part be great<:r than a throe-deck ship of the aanie 
dinK'neions. 

The Chief Surveyor recominundud this addition, and the 
same was t^reed to. 

A sketch was also aubmitted of a proposed diamond-t^pe 
bulkhead liner, which was aftrced to, 

ProposL-d mlea subniitu-d by the Chief Snnreyor for obtain- 
ing the scantlii^ numbers iu turret-deck vesbcIb were U(rf|L 
conrnderation. -^H 

7(A July, 1896. 

The proposed rules for turret veasela were brought ap for 
discussion at this meeting, and, with slight modifications, the 
Chief Surveyor's proposals were agreed to. 

I'he foregoing, thongh not comprising all, are the principal 
items that have been considered. 



(Signed) 



W. Boyd. 
F. C. Mabshalu 
R. Thompson. 
H. Withy. 
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NORTH-BAST COAST INSTITUTION OF ENGINEERS 

AND SHIPBUILDERS. 



Twelfth Session, 1896-96. 



SUMMER MEETING, 
Held at Cardiff, June 28rd, 24th, 25th, and 26th, 1896. 



OFFICIAL PROGRAMME. 

In response to an invitation received from the following large and 
important body of gentlemen representing Cardiff and the Bristol Channel 
ports, the first Summer Meeting of the Institution was held in Cardiff, 
commencing on Tuesday, June 23rd, 189G. 

Reception Committee at Cabdiff. 

PresidetU—THJi Right Hon. Lord Windsor, Mayor of CardiflF. 

Chairman — *C. A. Heywood. 

Committee — 

The Most Noblb The Marquis of Bute, E.T. 

The Hon. Major Wyndham-Quin, M.P. 

Sir W. T. Lewis, Bart. 

Sib W. D. Pearson, Babt., M.P. 
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*Lewellen Wood, J.P. 

J. GuNN, J.P., President of Cardiff Chamber of Commerce. 
*W. R. COBPIELD, President of Cardiff Incorporated Shipowners. 

Principal V. Jones, Principal of Cardiff University College. 
♦H. W. Mabtin, President of South Wales Institute of Engineers. 
*T. E. Watson, J.P., President of Newport Chamber of Commerce. 
*Pbofessob a. C. Elliott, D.Sc, President of the Bristol Channel Centre of 

the Institute of Marine Engineers. 
*J. F. Wallikeb, Hon. Sec. 

* Members of Ezecutiye Committee. 
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The following ig a copy of the Official Programme of Proceedings 
as supplied to the members : — 

Tuesday. June 23bd. 

At 10 a.m. — Reception of the members in the Council Chamber, Town Hall, Cardiff, 
by the Right Hon. Lord Windsor, Mayor of Cardiff; John Gunn, J. P., Presi- 
dent of the Cardiff Chamber of Commerce ; W. il. Corfield, President of 
Cardiff Incorporated Shipowners ; and the Chairman and Members of the 
Reception Committee. 

At 11 a.m. — Leave Cardiff (Q.W.R.) by special train direct for Alexandra Dock, 
Newport, where the members will be received by the Right Hon. Lord 
Tredegar, President of the Newport Reception Committee; Albert Spicer, 
M.P. ; T. E. Watson, J.P., President of the Newport Chamber of Commerce ; 
and other Members of the Local Reception Committee. After inspection of 
Docks, brakes will be provided to take the party to different works and places 
of interest. 

At I -30 p.m. — Luncheon at Tredegar Hall, by invitation of the Newport Reception 
Committee. 

At 3*30 p.m. — Embark by invitation of Harbour Commissioners at their Pontoon, 
on board Saloon Steamer, for inspection of River Usk, etc., and land at Cardiff 
about 5*30 p.m. 

Wednesday, June 24th. 

At 10*0 a.m. — Leave Rhymney Station, Cardiff, by special train provided by Messrs. 

The Bute Docks Co., for Dowlais Steel Works, leaving the Steel Works at 

11*45 for the Pier Head and Docks. 
At 1*30 p.m. — Luncheon at the Site of the New Dry Dock, by invitation of Messrs. 

The Cardiff Channel Dry Docks and Engineering Co., and Messrs. S. Pearson 

and Son, contractors. 
At 3-0 p.m— Visit Exhibition at Cardiff. 
At 8'0 p.m. — Smoking Concert at the Park Hall, by invitation of the President and 

Members of the Bristol Channel Centre of the Institute of Marine Engineers. 

Thursday, June 25th. 

At 10 a.m. — By the kind permission of the President and Council of the South 
Wales Institute of Mining Engineers, the Summer Meeting of the Institution 
for readinc: and discussion of papers will be held at their Institute, Park 
Place, Cardiff, when the following papers will be read and discussed, viz. : — 
"Notes on the Maintenance and Repair of Marine Boilers," by John F. 
Walliker, member ; and " Marine Boilers, particularly in reference to Efficiency 
of Combustion and Higher Steam Pressures," by J. R. Fothergill, Vice-Presi- 
dent. Alderman Thomas Richardson, B.A., M.P., Past- President of the 
North-East Coast Institution of Engineers and Shipbuilders, will occupy the 
chair. 

At 12 noon. — Leave Queen Street Station by special train, kindly provided by 
Messrs. The Taff Vale Railway Co., for Penarth Dock and Barry Dock. 

At 1*30 p.m. — Luncheon by invitation of Messrs. The Barry Graving Dock and 
Engineering Co., Ltd., afterwards inspecting the dock works, deep sea lock, 
and other works. 

At 6 p.m. — Return from Barry. 

This evening will be free, and members can make their own arrangements. 
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Fbidat, JniTB 3aTH. 
Al B'46 a.m.— Leave the Pior Head, Cardiff, per sulooa aloinicr " Carabrii 

UfracomlMi, 
At I'M p.m. — Laoch at the Iltraoombc Hotel, bv inTitatiun <•! ilii^ Cuniiff Itocop. I 

lion Committee. 
Al 4-80 p.m.— Leave nfraoombe for Cariiitt. 



WOBKB OPEN FOR INSPECTIOS. 

NawpoKT (Mosmottth) (see pagea 209 « ii-i/.). 
It. Arthur k San. Nencaatlc Bog^ne Works. 
0. n. Bailey, Tync Engine Works. 
L. (J. Lnnrio ft Co., Bnginetrs, etc, 

Mordc;, Carney, & Co., Ltd., ttbipbuilders and dry Docks. 
Newport Electric Light Supply Station. 
Newport EngiDceriag and Ship Repairing Co,, Ltd. 
Newport Eopery Co., Clarence Boad. 
C. D, PhillipB. Bmlyn Engineering Works. 
RicbarcU & flopt:inii, Britannia Bntrina Works. 
South Wales Brattice Cloth and India Rubber Co., Ltd. 
Thompson ft Hawkex, Wear Engine Works. 
Union Dry Docks Co., Lttt., Graving Docks, 
nskaide Enfinecring and Rlvot Co., Ltd. 

CAKDinF AHD District (see pagw 2t4 tt te^,). 

The DowUis Iron WorkB. Cnriliff, 

The Mount Stuart Shipbuilding, Oraying Dock, and Engineering Co.'b Works. 

The Bute Shipbuilding, Engineering, and Dry Dix'k Co.'s Works, 

The Cardiff Junction Dry Dock and Kn^ineerin^- Co. "a WorkB. 

The Tvdvil Engineering Co.'s Works. 

Equilibrium Piston Co.'a Works. 

The Mercantile Pontoon Co.'s Work.*. 

The Tyiieside Engine Cu.'s Works. 

Mcsurs. Monley, ('[irney, ft Go's Windsor Slipway and Central Bogineeriag 
Works. 

Hills' Dry Dock and Engineering,' Co.'s Works. 

(i. E. Kownes ft Co.'s Works. 

C. H. Riiley's Works. 

Union Dry Duck Co.'s Works. 

The Rirry Graving Diiek Co.'s Works. 

The rennrlh Shipliuildiog and Shiji BepairinR Co.'s Works, Penarlh Dock. 

The -Vciv Dei'p Sc.-i Lock :it H:irrj' ix ivorlliy of attcution. 

.■\tiv iiicttiIht ilc-iiiiip- tu visil one of Ihe collieries in (ho district may arranf;o 
10 it" s<i l.y roi.imiiiiii-iiliiii; witli tlir Hon, Sccreliiry of the Executive ComraiII«> 
at Card iff. 
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PROCEEDINGS. 
Tuesday, June 23rd, 1896. 

The first Summer Meeting of the Institution was opened at CardiflP, 
on Tuesday, June 23rd, 1896. 

At 9 a.m. the Mayor (Lord Windsor) entertained the Council of the 
Institution to breakfast at the Angel Hotels and the visitors were joined 
by Mr. Lewellen Wood, Mr. Charles A. Heywood (Chairman of the Cardiff 
Keception Conmiittee), Mr. J. F. Walliker (Hon. Secretary and Past 
Vice-Pi-esident of the Institution), Alderman David Jones (Deputy- 
Mayor), and Alderman Carey (ex-Mayor). 

At 10 o'clock an oflScial reception of the members of the Institution 
was held in the Assembly Rooms of the Town Hall by the Mayor (Lord 
Windsor), who was supported by the Deputy-Mayor, ex-Mayor, and the 
majority of the Aldermen and CounciUors of the Corporation, while 
among the local gentlemen were Mr. John Gunn (President of the 
Chamber of Commerce), Mr. Lewellen Wood, Mr. Charles A. Heywood 
(Chaii'man of the Cardiff Reception Committee), Mr. J. F. Walliker (Hon. 
Secretary of the Cardiff Reception Committee), Capt. W. R. Corfield 
(President of the Shipowners' Association), Mr. Marcus Gunn, Mr. C. L. 
Ryder (Hon. Treasurer of the Bristol Channel Centre of the Institute of 
Marine Engineers), Mr. T. W. Wailes, etc. 

Amongst those present were Mr. Thomas Richardson, M.P., West 
Hartlepool, Acting-President of the Institution ; Mr. Robert Thompson, 
Past-President ; Mr. Hugh Macoll, Sunderland ; Mr. J. R. Fothergill, 
West Hartlepool, and Mr. J. Gravell, Chief Surveyor of the Bureau Veritas, 
Vice-Presidents ; Mr. G. E. Macarthy, Newcastle, Hon. Treasurer ; Mr. 
John Duckitt, Newcastle, Secretary of the Institution ; Mr. H. H. Wake, 
Chief Engineer to the River Wear Commissioners ; Col. Bingham, Shef- 
field ; Mr. Charles Thompson, Sunderland ; Mr. R. Hirst, Lloyd's 
Register, West Hartlepool ; Mr. G. H. Baines, West Hartlepool ; Mr. 
Campbell (Messrs. Robert Stephenson & Co.), Newcastle ; the editor of 
the Engineer ; Mr. Frank Graham, Newcastle, etc. 

Lord Windsor (who was formally introduced by Mr. C. A. Heywood) 
said that among the many pleasant duties the chief magistrate of a town 
like Cardiff had to perform were those of welcoming such bodies as that 
represented by the present gathering. He felt that no more important 
body than that to the members of which he now extended a hearty welcome 
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could visit Canliff. They represented two importaat induatries — ship- 
building aud marine engine conatrnction — without wliich tlie n.«ourcea 
of tlie South Wales coal-field would be practically nsclesa. Thc-y lcN3ked 
to the ahips to carry their coiil away, and to the engiueerB to give them 
those modern iinpro^'ements so tii-oeHUii^ to keep Englnnd in tbu forefroob 
of commercial natioiia. 

Alderman T. Richardson, M.!'., acknowledged the reception of Lho 1 
Mayor, aod, referring to tin observation made hy Mr. Heywood, I 
remarked that Oardiff had l>een an excellent euatomer to them, and thcro J 
was, therefore, a special reason why they should leel interested in visitiDg 
Cardiff. The Major had spoken of the liirge increase of [lopiilation in 
Cardiff, and they were proud to think that tiicy in the north conotiy hud 
a good deal to do with that increase, aa there were so many of the inhabit- 
ants of Cardiff who hailed from the north country. 

Mr. John Gunn also welcomed the Institution, and in the course of 
his remarks said there were ample facilities on the shores of the Brisbol 
Channel for shipbuilding, and it only wanted the intelligence, indnRtrjr, 
and cnpubilitiea of the northerners to put those facilities to the best nise. 
Thereforu, ha hoped x^ime of them had come lo survey the land, and ta-^ 
gtop altogether. 

Light refresiimerit, supplied by the Mayor, having been paitaken of, 
the party left; for the Great Western Railway Station, where they embarked 
on a Bpecial train for Newport, conducted by Mr. Calder, the Hon. Sec. 
of the Newport Reception Committee. 

This train was taken direct to the Alexandra Dock^, via Maeegiw 
Junction, and arrived at the south-west corner of the dock ai 
11'45. (See Plate XLVl.) Here the company were met and received 
by Colonel Lyne, local director of the docks ; Mr. Henahaw, general 
manager ; Mr. W. S, Smyth, manngtiig engineer ; Mr. Albert Sploer, 
M.P. for the boroughs ; Mr. T. E. Watson, President of the Newport 
ChamluT of Commerce ; Mr. J. H. Carney, Chairman of the Newport 
Coziimittee ; Mr. T. W. Pearson, docks engineer; Mr. M. Mordey, 
Councillor J. II. Dunn, Mr. Khmders, Mr. G. H. Thomas, Mr. C. H. 
ISalley, Mr. li. Williamson, Mr. T. A. I^vison, Mr. T. A. Hawkes, 
C.iptain I'arlitt, docktnastcr; Ciiptain i'ugsley, harbourmaster; Mr, A. 
J. I'liillips, clerk to the Harbour Commission ; Mr. B. J. SummerB, 
clerk t^j the Pilotage Commission ; aud otiier public peraouages. A 
tour of the docks was made, showing the new coal-ahipping appUances. 
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Afterwards the whole company was driven in open camages, provided 
by the Newport Committee, to the various works open for inspection 
(see pages 209 et seq,). 

At 1'30 the party sat down to luncheon at the Tredegar Hall, where 
a recherchi spread was provided by Mr. S. Dean, of the Westgate Hotel. 
Mr. Albert Spicer, M.P., presided, and was supported by Mr. T. 
Richardson, M.P., Colonel Lyne, J.P., Messrs. T. E. Watson, J.P., 
R. Thompson, J.P., J. H. Carney, C. A. Heywood, W. E. Heard, J.P., 
M. Checchi, H. MacoU, J. R. Fothergill, H. Fownes, J. Gravell, 
H. H. Wake, G. E. Macarthy, J. Duckitt, H. J. Parnall, J.P., 
A. Henshaw, J.P., J. F. Walliker, and F. Graham. Amongst the 
general company were Messrs. M. Mordey, J.P., A. J. Stevens, J.P., 
C. H. Bailey, J.P., R. Williamson, L. G. Laurie, A. Levison, W. D. 
Arthur, H. H. Ash ton, T. A. Hawkes, E. J. Summers, A. J. Phillips, 
Captain Pugsley, etc. 

In proposing " The Queen," the Chairman said that Her Majesty 
had now entered a year of her reign which, if it were completed, would 
mean that she had reigned longer than any other English sovereign. 
They devoutly prayed that Her Majesty would live for many other years 
to come. 

In proposing "The Visitors," Mr. A. Spicer, M.P., said that he 
regretted that he found himself in the position of Chairman of that day's 
proceedings, a position that should have been occupied by his friend, the 
President of the Newport Reception Committee, Lord Tredegar. He 
would be the first to admit that the position that he occupied should be 
properly occupied by Lord Tredegar. As chairman of the company under 
which the chief industry of the town and neighbourhood was carried on, 
it would have been right and proper that Lord Tredegar should have 
occupied the chair that day, but beyond that they recognised that apart 
from the high position that Lord Tredegar occupied in the neighbour- 
hood, he was one who also recognised the responsibilities and trusts that 
were connected with it. No one recognised more than he (Mr. Spicer) 
did the splendid services that Lord Tredegar always aimed to render for 
the benefit of his countrymen in so many ways. In extending a hearty 
welcome to the visitors, he (Mr. Spicer) said that their business that day 
was to see what was being done in a town that was determined to go ahead, 
and that had already done something, as would be understood by the 
signs of enterprise that had been seen by the visitors that day. They 
had seen the accommodation offered in the docks, which was sufficient 
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Spar-deck 
Vessels. 



Bulkhead 
Liners. 

Turret Ships. 



It was agreed that in such vessels the frames and reverse 
frames only should be taken to a number without the 7 feet 
deduction, if the normal freeboard were desired. 

It was further pointed out that in spar-deck vessels of small 
depth, in proportion to the length, the number and thickness of 
iron decks and the thickness of the topside plating were required 
by the rules to be greater than those of a three-deck ship of 
the same dimensions. 

This was considered unfair (inasmuch as the spar-deck 
ship has a greater freeboard than the three-deck ship), and an 
addition to the rules was proposed, stating that in no case need 
the thickness and number of steel or iron decks and the material 
at the upper part be greater than a three-deck ship of the same 
dimensions. 

The Chief Surveyor recommended this addition, and the 
same was agreed to. 

A sketch was also submitted of a proposed diamondHshape 
bulkhead liner, which was agreed to. 

Proposed rules submitted by the Chief Surveyor for obtain- 
ing the scantling numbers in turret-deck vessels were under 
consideration. 



Turret Ships 



7th July, 1896. 

The proposed rules for turret vessels were brought up for 
discussion at this meeting, and, with slight modifications, the 
Chief Surveyor's proposals were agreed to. 

The foregoing, though not comprising all, are the principal 
items that have been considered. 



(Signed) 



W. Boyd. 
F. C. Marshall. 
R. Thompson. 
H. Withy. 
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fbr some of the largest veiisols afloat. As to the Newport Alexandra 
Docks, he ventured with some pride to mention a few ligiireE. To show 
the work done on Mai'ch Slst (uuc day), no tese than 21,851 tons uf cool 
were shipped. In the month of August, 1891, no less than 80,008 tuns 
were shipped. In 189i, 3,170,359 tons of coal were shipped. Since 
that time two additioual hoists had been added, which would sliip h&lfa 
million tons of coal per anuum. This year they had eecn the shipiueDt 
of a large cargo of coal on bourd the "Algoa," when no less than ll,G7l 
tons of coal were shipped in 36 hours -IS minutes. As to the river, theja 
had 4i miles of 1,000 feet in width, adaptable for tlie largest vessulbl 
Not only had all these advantages been provided and taken advantage (rfl 
by private enterprise, but he was glad to find that the anthorities in th«fl 
town had done all they could to buck up those efTorte. The Harbonrl 
OommiBsionera weiv always doing what they could to see that the rivtr*! 
was kept properly dredged and obstriictinnfi removed. Then Ihey bad! 
the corpor.it io I), which be described as Iieing in a state of restia 
Hctivity. . They iiud acquired the waterworks, the tramways, and I 
splendid electric light works that they had seen that morning. In I 
addition, they had, aided by the generosity of Lord Tredegar, providod J 
an ext:ellent park. In cvei? way, whether in extension of the boronglif 1 
or !in}tbing elai.-, the corporation wiis always doing its bi'st lo make 
Newport one of the most desirable towns to live iu. There was a 
splendid urea for improvement, as they had seen on the east side of the 
river, which was the natural outlet for the great industries of Monnioath- 
shire, and also for the adjacent counties, as well as for conducting an 
important import trade for the whole of a very large district, 

Mr. T. lliCHAUDROK, M.P., said it was his pleasing duty to retnm 
thanks, firstofallfor the very kind way in which Mr. Spicer had welcomed 
them to Newport, and also for the more than pleasant time they had 
already spent in the town. He thought that there wag one thing they 
ought to be rather wary about. That morning the temptation had been 
held out to them that they should come down to Cardiff and set up ship- 
building and eugiuecring works ; then they came on to Newport, and the 
same teiiipUttiou was insidiously lield out to them. It was true that 
njiiiiy iiorthener.s hud been tempted away from the north, and one plea- 
sant part (if their visit was the meeting of old friends. He supposed 
they found tlutt, with their eajmbilities, the north was too small for them. 
From the very moment that they got out of the train, and Colonel Lyae 
and Mr. Ilenshaw met tlieni, they had kept them going about seeing 
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something of interest ; and whilst on the one hand they might applaud 
what was being done, they might almost wish that they were not quite 
so expeditious as Mr. Spicer had told them they were in the shipping of 
coal, because they made one steamer do the work of two or three, and so 
the north did not have so much to do in the shipbuilding Une. Still, 
they had foreign competition to face, and unless they went ahead and 
adopted all the improvements that they possibly could, they would always 
have the fear before them that they might in the future fall behind. But 
he thought, with the spirit that had been shown by the people of New- 
port, there need be little fear of that. He would like to express their 
very hearty thanks to the Reception Committee for having organised such 
a very pleasant day. They had all been struck with the progress that 
was taking place in Newport; and, if he might be pardoned for saying 
so, they had a sign of progress in that hall. They were met together in 
a Conservative hall, and he had on his left a fellow-member who sat on 
the other side of the House, and on his right another gentleman who had 
always been a staunch Liberal. After all, it was remarkable about politics 
in this country that they always agreed to differ . When the fight was 
on they ranged on different sides, but when all was over they could work 
hand in hand for the progress and prosperity of the country. 

At this juncture the Chairman read a letter from the Town Clerk of 
Newport, stating that the Mayor had been detained in Bath on account 
of his wife's illness. Also, a telegram from Mr. C. D. Phillips, from the 
Leicester showyard, wishing the visitors an enjoyable time. 

Mr. Richardson then asked permission to propose a toast which was 
not on the programme, viz., that of " The Reception Committee." He 
thought they would agree with him that the reception they had met with 
had been one that had required a great deal of thought and care, and 
could not be surpassed anywhere. He coupled with the toast the name 
of Mr. J. H. Carney. 

The guests drank the toast with musical honours and cheers, and Mr. 
Carney briefly responded, expressing the feeling of the committee that 
they had been actuated by a desire to interest their visitors and provide 
them with an enjoyable day. 

Col. Lynb said that he had been asked to propose another toast, 
one he ventured to think that they would indeed be ungrateful if they 
omitted. He meant the toast of the Chairman. He could assure Mr. 
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Spicer that lie liad a very hearty welcomo even in that Lilierul-Uuiuaiat 
linll, and tbu ofbcaer tbey could see inm there on Eimilnr occaBJons th« 
better. Indeed, be had spoken so kindly und so well of Newport that 
the iDbabibauts would be ungrateful in the extreme if they did not i 
convey to Liui their appreciation of tbe honour and kiudness he bad doiw | 
tbem on presiding on that occaBion. Mr. Kpicer had the heartiest good I 
wishes of all tbe inhahitants of the town. 



The toast was cordially drank. 

Mr, Spioer, in responding, thanked Col. Lyno for tiie vi-ry kind 
way in which be had offered tbe toast, and the company for the cordial 
way in which they had accepted it. It had been a source of great eatis- 
faction that hia first visit to tbe Tredegar Eall should be in connection 
with a enbject that practically bonud them all together. They had tliuir 
party difl'ercnces, and he supposed they always would have. He did liia 
IjesL tu fight those diflerences without bringing in personalities, and he 
(VHS tbankfal to say that as far us lie knew, he had not made a [lersonal 
enemy in theste boroughs Occupying as he did that position, be wu 
thankful to be of the Btnallest benefit to the boroughs in connection with 
tbe visit of their friends from the north. He trusted that tbe commerce 
of Newport might ever increase, and that when they cnme into competi- 
tion with other ports and other districts, it would not mean individual 
harm to anyone. 

In tbe afternoon the visitoi's embarked on the saloon steamer 
" Lady Margaret," by invitation of the Newport Harbour CommisBiooers, 
and went for a cruise down the Kiver Usk and along the Monmouthshire 
coust to OardilT. Before diEcmbarking, Mr. K, Thompson, of Sunderland, 
expressed, on behalf of tlie northeners, tbe great thanks they felt to tbe 
Uarliour Commissioners for giving tbem the opportunity of seeing tbe 
coast by water. Col, Lyhs replied. The Newport Town Band, which 
had played dnring the luncheon and on board the steamer, then struck 
up " Auld L;ing Syne," and, with a parting cheer, the visitors disembarked 
at the Cardiir pier-head. The " Lady Margaret" steamed out into the 
cliannei again, and gave the Newport people a run round tbe Flat Holm 
before heading for the mouth of the Utik. 
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Wednesday, June 24th, 1896. 

In accordance with the official programme the whole of this day was 
spent in Cardiff. The company, conducted by Mr. C. A. Hey wood, 
Mr. John F. Walliker, and other members of the Reception Committee, 
left the Rhymney Station in a special train for the Dowlais Works on 
Wednesday morning (see Plate XLVIL). This road to the now famous 
iron and steel works gave ample opportunity of obtaining a brief outline 
of the enormous trade that is done at Cardiff. The line to the works 
runs over a vast network of railways, upon which there is a constant flow 
of traffic to and from the dock sides ; and in the vicinity are numerous 
works of a more or less important character distributed over the East 
Moors, which gave the visitors some idea of the enormous trade trans- 
acted by the port. When the party arrived at the Dowlais Works (see 
page 214), they were received by Mr. E. P. Martin, manager of the 
Dowlais undertaking, who, with the aid of Mr. James, the Cardiff Works' 
manager, explained the various processes of iron and steel-making. 
The No. 3 furnace was tapped, and released some 35 tons of pig iron, 
representing the smelting of four hours, which were run out of the 
furnace into the sand moulds. From the furnaces the party made their 
way to the engine house, where the engines which drive the hot blasts 
for melting purposes into the furnaces won the admiration of everyone. 
This concluded, with the exception of some minor matters, the inspection 
of the iron works, and the visitora wended their way to the steel works. 
Here about 35 tons of steel were taken in a molten state from one of the 
Siemens furnaces, and the process of turning the raw steel into marketable 
stuff was exhibited by taking one of the heated ingots of steel from the 
soaking pits and putting it through the cogging process. The further 
stages of steel-plate making were shown by one of these ingots being 
taken from the furnace, where it had been reheated, and rolled into 
plates for Her Majesty's cruiser which is now being built at Pembroke 
Dock. 

Before rejoining the train for the Bute Docks, Mr. T. Richardson, 
M.P., thanked Mr. Martin for the courtesy he had shown them in con- 
ducting the party round the works, and also extended the thanks of the 
party to Mr. James, the manager. 

Mr. Mabtin briefly responded, and said he hoped they would go away 
fired with the detennination to establish new shipyai-ds, the nearer 
Cardiff the better. 
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Leaving tbu Dowlsis warka tlie pai'ty n'ent to the Bute Docks (tie 
rittt« XLVII.)> where Mr. Hunter, tbc engineer, and Mr, J, J, P. 
Burt, the wLuriiiiger (in the absence of Sir W. T. Lewis and Mr. 
Unrman), pointed out the interesting features of the doclu, and the 
fjiciiitiea that the company poaaessed for tlie despateh of stearoere. ft 
was slated that the company were able to ship coal on board of sleami-rs 
SIS fust aB they i-eceived it from the collieries, and the Lewis and Uunter 
patent tip was also shown at work. I'rom the Bute Docks the party 
paid a visit to Ibe Mount Stuart Dry Docks (see page 217), over which 
they were conducted by Mr. John Guun, and from thence to the Bute 
Dry Docks (see page 218) and other noted cstabbshmeuta on the other 
Bide of the channel. Alter thoroughly inspecting the modern appliances 
ul' these works, a visit was paid to ibe premises of the Cardiff Channel Drj 
Docks and I'outoon Company, Limited. This company, which owns the 
[lontoon on the east side of the Cardifi' drain, is now building a large 
dry d<)ck. The contract is in the hands of Messrs. S. Peai'suu & Sons, 
who, with the company, entertained the visitors to lunch. The d(ick 
was atarUid in April lust year by Messrs. Pearson, who have carried 
out so many important works in different parts of the world. The 
preacnt company purchased the properly of the old Dumfries En^neering 
Cuiiiiii\ny, and with :i capital of ±'126,0(10 set about providing llie most 
modern accommodation for the numerous ships that passed through their 
hands. When completed, the new dock will take the largest cai^o 
steamers afloat, and it was stated that the Government would have sub- 
sidised the undertaking only it was found that the entrance channel to 
CardiD'was not sufficiently deep. The length of the new dock will be 
6dU feet, with an entrance of G5 feet in breadth. 

At a luncheon given by the company and the contractors, Mr. John 
Cory, of Messra. Cory & Sons, presided, and he was supported by Mr. 
Henry Itidclifl'c and Mr. J. H. Cory (directors), and Mr. W. G. Blow (maD> 
agiog-dii-ector), Mr. J. B. Squire (general manager for Mesere. Pearson 
& Sou), Mr. John Cunn (i-eprescnting the Chamber of Commerce), Mr. 
W. U. Cuilield (Cliairman Shipowners' Association), Col. Culbrie (Ship- 
brokers' As:iociiiLLoii), and Me^i^rs. T. Richardson, M.P., R. Thompson, 
U. Macoll, J. R. Fothergill, J. (.iravcU, J. V. Walliker, and J. Duckitt 
(representatives of the North-East Coast Institution). 

Alter the luyul toabts hud been submitted and duly honoured, 
the Chaiumas pro^wsed "Success to the North-Kust Coast InatitutiuQ 
of Engineers and Sbip builders," and in doing so dwelt on the rapid 
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strides the town had made daring recent years. When the large new 
dock now building by Lord Bute was finished, the port would have a dock 
accommodation of 150 acres. Their own dock, which was being con- 
structed by Messrs. Pearson, would take in a ship 600 feet in length 
or four smaller vessels, and would add greatly to the facilities already 
possessed by the port. 

Mr. T. RiCHAUDSON, M.P., in the course of a felicitous reply, said 
what they wanted was to tempt shipowners to buy more ships, and the 
only way they could achieve that was to tempt them with something 
they would be obliged to buy or be cut out in the markets of the world. 
They came to Cardiff expecting to learn something, and they had, he 
thought, ample opportunities of learning a great deal. The port from 
which he came (West Hartlepool) was a monopoly, owned by the North 
Eastern Railway Company. They put down docks that would suit the 
present time, thinking nothing of the future, and when that future 
came they refused to provide for the present. They in Cardiff provided 
for the future. They had been told when they had provided for the 
future that they had made fools of themselves for providing that which 
would never be wanted. They had, however, in a short space of time 
found that they were behind the times again. They had come to be 
instructed, and they were not disappointed, and whatever they might 
carry away with them, not the least pleasing part wpuld be the hearty 
welcome which had been given them. 

*' The Company and its Contractors " was submitted in a few well- 
chosen remarks by Col. Guthrie, and Mr. H. Radcliffe and Mr. J. 
B. Squires responded. 

Mr. R. Thompson having proposed the " Chairman," Mr. John 
Cory responded, and Mr. Blow also responded to a toast of his health, 
which was submitted by Mr. Corfield. 

The party then inspected the work which the contractors had in 
hand, and afterwards paid a visit to the Cardiff Exhibition. 

Smoking Concert. 

In the evening the members were invited by the Bristol Channel 
Centre of the Institute of Marine Engineers to a reception and grand 
Smoking Concert, given in the Park Hall, Cardiff, where they were 
received by the President of the local branch of the Institute, Prof. 
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A. 0. Elliott, D.Sc., and Lord WindBor, the Mayor of Cardiff. Then 1 
was also preseot the chief representatira men of Cardiff and the district, I 
together with the olficera of the naval, regular, and auxiliary forces. 

Prof. A. 0. Elliott, D,Sc„ occupied the chair, and he was supported 
hy Mr. Thomas Etchardaon, B.A., M.P., PreBident Nortb-East CoaM 
InslrtutioD of EDgineera and Sliiplinildcra j The Right Hon. Lo«l 
Windsor, Mayor of Cardiff ; Mr. John Gunn, President Cardiff Chamber 
of Commerce ; Mr. Charles A. Heywood, Cliairman Reception Committee) 
Mr. W. IJ. Corfield, President Cardiff Incorporated Shipowners' A£Bocia> 
tron J Mr. T. E. Wataon, J.P., Prcaideut Newport Chamber of Commeree; 
Dr. J. H. Tivharne, J.P.j Mr. Aid. Trounoe, J.P.; Mr. Lewis Williams, 
J.P-i Snrg'con-Lieut.-Co!. Healey, Major Thrcahie, and Capt. Readc, 
the Barracks. Cardiff) Mr. Robert Tbompaon, J.P., Past- President 
N.E.C.L: Mr. J. R. Fothergill, Mr. J. F. Walliker, Mr. H. MaooU, and 
Mr. J. Gravel), Vice-Presidents N.E.C.L; Mr. Morel, J. P.; Mr. Henry 
Heywood, J.P.; Mr. Councillor David, Mr. H. .1. Simpson, Mr. Cory, 
J.P.; Mr. Aid. Carey, J.P.; Mr. David Gibson, Vice-President, B.O.O.; 
Measre. .1, Ohellew, Roht. Davison, Jaa. Ferrier, J. M'Callum, W. Simpson, 
and A. E. Smithson, Members of Committee ; Mr. D. M'Oallnm, Reprfr 
sentative W Council; Mr. CbaB. L. Ryder, Hon. Treaa. 8.0.0.: Mr. 
Georjie Slo;.'i;ett. Hon. Sw.. B.C.C.: Mr. \. Rickaby. Mr. .T. Reavel!. OoL 
Bingham, Sheffield ; Mr. .John Lockie, Editor The Steamship: Mr. H. 
H. Wake, Engineer Wear Commis.'iioners: Mr. Geoi^ Rotherford, Mr. 
T. W. Wailcs, Mr. M. W. Aisbitt, Mr. J. Duckitt, Secretary N.E.C.L; 
Mr. S. W. Allen, Mr. 0. E. Macarthy; Mr. J. Nodder, Sheffield; Capt. 
T. H. Slo?gett, Ml-. Edward Lewis, Bi)ard of Trade ; Lieut, ff . H. D. 
Caple. Lieut. H. C. Newmnn, Mr. C. F. Gooch, J.P., Mr. A. K. Hamilton, 
Mr, J. 0. G. Rule, Mr. F. R. Notou, Mr. A. V. H. Bancroft, Mr. C. Taylor, 
Mr. J. H. Riley, Mr. W. G. Reynolds, Mr. W. Sihun, Mr. H. Fownes, 
Mr. R. Hirst, Mr. W. Swiuney, Mr. J. M. Campbell, Capt. W. Cosaop, 
Mr. A. McGlashaii, Mr. J. Barclay, Mr. J. Hogg, Mr. W. Evans, Council, 
lorn Waring, Aiidrews, Hughes, and Munn ; Dr. T. Wallace, M.D., J.P. ; 
Dr. Miienrmack, Miijor W, E. Jmits, Major lligg, Surgeon-Capt. Tatham 
Thompson. Col. E. (\ Fry, Mr. Lewi.s Tiirnbull, Capt. C. E. Slidlybraaa. 
Lieut. A. H. Evans. It.N'.K.; Capt. .lolin Traill. Lieut. Hoyle, Capt. 
Rosser, Mr, .John Siiencc. Tynesidu Engine Works ; Mr. Henry Radcliffe. 
Mr. .Marcus Gniiu, Mr. Charles Thompson, Sunderland; Mr. L. G. Laurie, 
Mr. .lohn Boddy, Mr. Edgar, Capt. Parfitt, Newport ; Mr. Mordey, Mr. 
Carney, Mr. SU'vens. Mr. C. H. Bailey. Mr. Evans, Mr. J. B. Ferrier, 
Mr. Jackson. Mr. Scott. Mr. Sjmonds, Mr. Walker, and others. 
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The proceedings oommenced with the '^National Ad them '* on the 
grand organ, which was joined in by all present. 

The Chairman (Prof. A. C. Elliott; D.Sc.) said he rose to say a 
few words of welcome to the members of the North-East Coast Institution 
of Engineers and Shipbuilders, in the name of the nearly kindred society 
of the Institute of Marine Engineers. Their Institute had many habita- 
tions, and Cardiff claimed one of those habitations. They were, of course, 
anxious to extend the number of habitations ; but they had never been 
able to found a centre in the North of England, because the ground was 
already occupied by the North-East Coast Institution of Engineers and 
Shipbuilders. He did not say that in any spirit of rivalry; all engineers 
were rivals — rivals in the art of doing well. Even the members of the 
society, if the society was any good, were rivals one with another. The 
North-East Coast Institution of Engineers and Shipbuilders had done a 
noble work. It had published proceedings that were of great and per- 
manent value. Some institutions had surpluses — some had spent them 
in eating and drinking, and others had hoarded them ; some, like the 
Institution of Mechanical Engineers, had nobly spent them in research 
for the benefit of the profession at larga But amongst those institutions 
the North-East Coast Institution had taken a distinct line ; it had pro- 
vided somewhat for the future — for the youths to whom the profession of 
the future was to be committed. It had founded the profession of 
engineering in the Durham University, and supported it to a great extent 
as well. They as engineers were happy and proud to welcome the Insti- 
tution. They were happy to welcome them, because they knew that they 
(the visitors) were jolly good fellows, and they were proud to welcome 
them because they were proud of Cardiff. They knew that in Cardiff 
they could show them some things that must rejoice the heart of the 
mechanical engineer in whatever department he might have been trained, 
and in whatever department his life's business might be cast. Amongst 
other things, they were proud of their noble Mayor, and proud to witness 
his sympathy and deep interest in the commercial and industrial affairs 
of this great and rich country of South Wales. All honour to him, he 
said. Before he concluded, he must refer to the Past-President of 
the North-East Coast Institution : the name of Richardson was well 
known, and in Cardiff it did not require any introduction. 

The Matob of Cardiff (Lord Windsor), in seconding the welcome 
of Prof. Elliott, said their Chairman had been kind enough to ask him to 
dissociate himself in the words of welcome that he had just addressed to 
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the membera of the North-East Coast Institution of Engiueers and Shi[^ 1 
builders. He considered it a privilege to be allowed, on bebalf of thai 
Corporation and inhabitants of .Cardiff, to add just two or three words of ' 
welcome. They prided themselvefl in Cardiff, at leaat, in throwing their 
heart into eveiything that they did : on that occasion they hoped they 
were throwing their heart into the weleome they were giving to the Insti- 
tution. They were gratified that they ahonld have selected Cardiff that 
yeiir to inspect what they had to show them, and, he hoiied, to inatrucl 
thcim (CardifRang) a little bit too : and he sincerely trusted that they 
would pass a pleasant week, and that they would go away from Sooth 
Wales and from Cardiff feeling that the people living there were anxiona 
to make the best of their position, to make the best of their wealth aild J 
tenoiirces; but who felt that they conld not do without the intelligcnoB I 
that might be brought into their midst from other parts of the country. 

Mr, Thomas Ricbirdron, B.A., M.P., in replying on behalf of t 

Institution to the weknme extended to its membent, said it was veiTrJ 
gratifying to hitn in coming to a town of sncli very groat importano* 1 
ae Cardiff to hear on all hands with what conspicuous ability and encr^ J 
their worthy Mayor fulfilled the duties that fell upon him. They wen 
invited there that evening by the Bristol Channel Centre of the Institnte* 
of Miirint Eufrineers — an institutiim which liiid a world-wide reputation 
second in importance to none in the country. Prof. Elliott in his 
remarks, be thought, paid the North-Eaat Coast Institution a very high 
compliment. He said they did not possess a branch of their Institute 
on the North-East Coast because the ground was fully covered by their 
Institution. He thought they would all agree with him that such an 
important Institute as the Marine Engineers, if they hud a meeting in 
the north, would find that they would posaeas a great many of their 
members there. Prof. Elliott remarked that such an Institute, com- 
posed of members wbo, iia it were, were at different times on every part 
of the globe, found it difficult to have any local habitation ; but he 
thought svhen they had their hcadquartei-s in London, and posscwed 
such a liUi.'0 number of members, it was u sufficient index of the pros* 
perity of thiit Institute, lie was particularly pleased to be there that 
night, because he had some little time ago un invitation to one of 
their Bri.Hto! Channel Centre cvlebrntions, which, unfortunately, he was 
unable to accept; but he had the pleasure of meeting I'rof. EUiott 
only last week at the anniversary dinner of their Institute in London. 
Their ehairrann at that dinner had referred, in the course of bis remarks. 
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to the fact that the engineers required some representation in the House 
of Commons. Well, they had had some representation there for a good 
many years ; but he was pleased to think that at the present moment 
they had no less than fourteen representatives in the House of Commons 
who had, as it were, started life with the hammer and chisel. He 
thought that Prof. Elliott would bear him out that there was need of 
representation on behalf of the engineers in the House of Commons. 
One of the gallant admirals of our fleet, who was in the House, referred 
to the engineering members in the House of Commons, and said — he 
forgot exactly the remark he made, but it would bear this interpreta- 
tion — that they placed too much importance upon that branch of the 
service in the navy. He thought anyone who was present at that 
dinner would be quite willing to echo that sentiment. The gallant 
admiral went on to say that what they wanted to recognise was that 
they were all one, and that they ought to think more of the word " we." 
Well, that was exactly what they thought, and as he said then, what 
they objected to was the " we " being retained with a big " W " for 
the executive, and a small '• e " for the engineers. -They wanted to see 
a capital " E " as well as a capital " W." He had no doubt in course 
of time they would bring the Admiralty Board to see that some greater 
recognition should be taken of the services of the engineers in the 
fleet. He could assure them all in the room that the invitation which 
they accepted to come there and the expectation of enjoyment that they 
formed had been very far exceeded. He had no doubt, in coming to 
a town like Cardifl^, whose growth was one of the miracles of the age, 
that they would be heartily welcome. It was not a town that had 
suddenly risen into importance. If they went back into the pages of 
history they would always find that Cardiff was a town of importance. 
After again thanking the Bristol Channel Centre for their effusive 
welcome, the hon. member resumed his seat. 

An admirable musical programme, under the able directorehip of 
Mr. A. E. Smithson, was gone through. The organ solos, '' Menuet 
Eigence," by Bachmann, and "Andante in A," by Batiste, were well 
rendered by Mr. J. E. Deacon. The Caerphilly Male Voice Choir, 
under the condnctorship of Mr. S. E. Evans, gave some excellent 
examples of Welsh chorus singing, and received well-merited praise. 
The song of Miss Beatrice Edwards, " For all Eternity," and its violin 
obligate^ played by Mr. Lane Herbert, were greeted with tremendous 
applause. The subsequent efforts of Miss Edwards were equally appre- 
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cIaUnI, as were those hIbo of Misa Dot Prosser. The plajing of Mr. 
Lane Herbert was very effective in his violin boIob, "Cavatina" und 
" Tftrentelli." Mr, J. P. Conghlin gave a capital clarionet solo. The 
inimitable Mr. Bert Lewis, who is eo well known to Bristol ChftunU 
andienoee, earpassed bimself, if possible, on this occaaion. "I ain**! 
going to Tell " anil other songs sung by him were all extremely ente^ 
taining to liia audieoce. Inkey and Oakey, the hnmorists (MevaB. 
Thistlewrite and Williams), and Mr. Elliott, were all very clever is 
their various chsraetera, "I'll sing the 3ong8 of Araby" and "The 
Last Watch" were most charmingly rendered hy Mr, E. T. Haddon. 
" The Skipper." sung by Mr. Morton Deane, and " The Ontpf«t'« 
Vigil," by Mr. 8. R. Ham, both evoked much applanse, and the duct, 
" Array and Nnvy," by Messrs. R. J. Williams and A, .1. Parsons, vm 
NO leas sncceasfnl. Mr. Sam Allen, in his humorous representation of 
" Our Tillage Penny Headings," was eiceeding good, and th^ andienoe' 
insisU.MJ on hia recall ; Mr. Allen i-esponded with u redlation. Am ui 
acuonipaniet, Mr. V. Jones acted admirably. Mr. J. B. Deacon's organ 
and pianoforte selectiouB woj-e a very attractive and favonrito part of 
the eveninpfs entertainment. 

A vote of thanks to the Chairman was proposed by Mr. J. S. ^ 

FoTHEHfilLL, to which Dr. Rt.T.TOTT replivil. The very enjoyable 
evening terminated by the whole audience again singing, with the 
orfjun accompaniment, " God Save the Queen." 



TiiriiRnAT, June 2.')Tf, 1896. 

A Special Oeneral Mooting of the Institution was held at Cardiff, on 
Thiirsdiiy, June 2.1th, 189fi, in the Lecture Theatre of the South Wales 
Institute of Engineers. Members were welcomed by Mr. Arthur Stevens, 
Ncwi>ort, Monmouthshire, c.v-PreBidentof the Institute. He expresaed his 
regret at the absence of Mr. Henry W. Martin, of Dowlais, the President 
iif the Siiutli Walea Institute of Rngineers, who would have been present 
had not a very imporlnnt engngemout nbsolulely prevented him. He 
oliscrvoil lliat ilicy were very pmud of the liuildiug In which they were 
nsseinliU'd, and l>oli('vo(l it mnld not be IwtttT employed than when 
it was being utilised by kimhed sm'ieties like the North-ERst Cuast 
Inslitnlion. 
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Mr. Thomas Richardson, M.P., who now took the chair, cordially 
acknowledged the welcome. He expressed the thanks of the members of 
the Institution to the South Wales Institute for having lent them that 
handsome hall for their meeting. It was a building of which the South 
Wales Institute might well be proud. He hoped their presence there 
would have the effect of making them ambitious of possessing a similar 
hall in the future, and of entertaining in it the South Wales Institute 
of Engineers when they should come north. 

The business of the meeting was then proceeded with. 



ELECTION OF MEMBERS. 

The following new Members, Associates, and Graduate were unani- 
mously elected :— 

MEMBERS. 
Brigham, Thomas, Engineer, Messrs. Brigham & Cowan, Sonth Shields. 
Gibson, David, Saperintendent Engineer, 18, Wadsworth Avenne, Cardiff. 
Gnnn, John, Managing Director. Messrs. Mount Stnart Dry Docks Co., Cardiff. 
Henderson, John, Xaval Architect, 34, Bnrdett, Street, Liverpool. 
Jobson, H. G., Marine Surveyor, Exchange Baildings, West HartlepooL 
Morch, C. J., Assistant Naval Architect, 20, Archbold Terrace, Newcastle-on-Tyne. 

• 

Roseti, G. S., Overseer N.A. Argentine Navy, 4, Radnor Place, Birkenhead. 

Scott, WiUiam, Engineer, 134, King's RcHEid, Cardiff. 

Stephen, A. E., Engineer and Shipbuilder, Linthouse, Govan, Glasgow. 

ASSOCIATES. 

CaminoB, T. L., Overseer, Argentine Navy, Grand Hotel, Newcastle-on-Tync. 

Cory, John, Shipowner, Cardiff. 

Craik, A., Accountant, Messrs. Blyth Dry Dock Co., Limited, Blyth. 

Frazer, Joseph, Merchant, Britannia Buildings, Cardiff. 

Lodwidge, Philip, Accountant, Baltic Chambers, Sunderland. 

Radcliffe, Daniel, Shipowner, Cardiff. 

Radcliffe, Henry, Shipowner, Cardiff. 

Wight, Robert M., Merchant, 42, The Exchange, Cardiff. 

GRADUATE. 
Lumley, William, Electrical Engineer, 88, Sidney Grove, Gateshead. 



Mr. J. F. Walliker read a paper on " The Maintenance and Repairs 
of Marine Boilers " (see page 228). A discussion followed, to which Mr. 
Walliker replied, and the discussion was adjourned. 

Mr. J. R. FoTHERGUiL read a paper on ** Marine Boilers, particularly 
in reference to EflSciency of Combustion and Higher Steam Pressures " 
(see page 235). A discussion followed, which, owing to the shortness of 
time at the disposal of the members, was adjourned. 
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The Pbksidekt proposed that the thanks of the Institntion ht 
extended to the followiog bodies for their cordial welcome and generous 
hoBpitality: — 

The Mayor and Corporation of Cardiff. 

The Mnyor and Corponition of Newport. 

The Cardiff Chamlier of Commerce, 

The Newport Chamber of Commerce. 

The Newport Harbour Commissioners. 

The Dowlaia Iron and Steel Works Company. 

The Alexandra Docks anil Railway Company, 

The Newport Reception Committee. 

The President and Council of the Sonth Wales Institute of MtninB- ' 
Engineers. 

The Cardiff Channel Dry Docks and Engineering Company and 
Messrs. 8. Peareon & Sons. 

The Bnte Docks Corapjiny. 

The Bristol Channel Centre of the InatituU; of Uarinc Engineers. 

The Great Western Railway Company. 

The Rhymncy Railway Company. 

The Taff Vale Railway Company. ^^h 

The Biirry Craving Dock and Engineering Company. ^^^^^ 

The Cardiff Reception Committee. 

The Barry Docks and Railway Company. 

The proposition was enthusiastically received and carried by henrty 
acclamation, and the businesB of the meeting concluded. 



At noon, the members were conveyed by a special train from the Taff 
Vale Station, Cardiff, to the Penarth Dock (see Plato XLVIII.), 
where Mr. T. H. Riches received them and conducted them to the 
dock-side, in the absence of the general manner, Mr. Beasley, who 
was engird in London on Parliamentary bnsiness. The working 
of a patent tip, which owes its conception to Mr. T. H. Riches, 
was fully explained by that popular engineer. The party again joined 
the " s|>eeiiil," which tlie Taff Vale Company had placed at their disposal, 
ami a start was made for Barry n'a Penarth and Cadoiton. Arriving at 
liarry Dock Station, about riT), they i>riicecdcd to Culley's Hotel, where 
ilii'V wort' entertained liy the directors of ilie Barry Graving Dock and 
Itiiu'ineei'ing Conijaiiy to a magnificent luncheon, prqiarcd in good style 
1a- Mrs. Brooks, the rcspoofed manageress for Messrs. li. P. Cnlley & Co. 
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The chair was occupied by Mr. T. R. Thompson, J. P., one of the 
directors of the Barry Graving Dock Company, and director of the Barry 
Dock and Railways Company, who was supported by Mr. Lewellen Wood, 
J.P., Col. Guthrie, J.P., and Mr. E. Bregeon (also directors of the former 
company), Mr. J. Lowdon, J.P. (general manager), Mr. J. D. Wood 
(secretary), Mr. D. Lowdon, M.I.M.E., M.I.N.A., Mr. J. H. Vincent 
(assistant manager, Barry Railway Company), Mr. D. W. Roberts 
(shipping superintendent), Capt. R. Davies (dock master), Mr. J. H. 
Hosgood (locomotive superintendent), Mr. C. A. Heywood, etc. 

After the company had partaken of the generous hospitality of the 
Barry Graving Dock directors, a brief toast list was submitted, opening 
with the Royal toast, which was duly honoured. 

The Chairman (Mr. T. R. Thompson), on rising to propose the toast 
of " Success to the North-East Coast Institution of Engineers and Ship- 
builders," cordially welcomed the visitora on behalf of the directors of the 
Barry Graving Dock Company, and also announced that the Barry Rail- 
way Company desired to oflfer their hearty co-operation in the welcome 
thus extended. Knowing as they did that the members of the North- 
East Coast Institution of Engineers and Shipbuilders were gentlemen 
possessing a wide practical knowledge of all such subjects as engineer- 
ing and other dock works, he (Mr. Thompson) did not think it was 
necessary to take up much time in expatiating upon the examples of 
such works as would come under their notice that day. The works 
at Barry would be their own showmen. Proceeding, Mr. Thompson 
said he was glad they had had an opportunity of inspecting other dock 
works in the Bristol Channel before coming to Barry, and invited them 
with confidence to compare with them the works which would be 
subject to their criticism that afternoon. He invited their especial 
attention to the graving dock of the Barry Graving Dock and 
Engineering Company (see page 221), constructed and equipped under 
the master-hand of his esteemed friend and colleague, Mr. John 
Lowdon, one of their own ofiFspring, and a worthy offshoot of their own 
district. The length of the graving dock of the Barry Graving Dock 
Company is 760 feet ; breadth, 113 feet ; and depth, 26 feet at high- 
water spring tides ; with a pumping power of 15,000 tons of water per 
hour. This graving dock had been pronounced by Lloyd's Committee to 
be one of the finest examples of graving docks in the United Kingdom, 
and Mr. Lowdon would have great pleasure in pointing out everything in 
connection with the works which would be of interest to them. The Barry 
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Railway Company also invited them to inspect their dock works (see Plat^^ 
XLIX.), and particalarly the low water entrance, by means of which vessels 
in ballast will be able to enter the Barry Docks at all states of tide, and^ 
loaded vessels will also largely share the same advantages. The existing ^2 
dock, No. 1 of the Barry Company, has a water area of 73 acres, and an ^ 
entrance basin of 7 acres. This dock has in it 24 tips for the shipment ^ 
of coal, of which 3 are movable tips. The entrance to the basin, and 
the passage between the basin and dock No. 1 are each 80 feet wide, 
with 37 feet of water at high water of spripg tides, and 29 feet at high 
water of neap tides, over the sills. The deep lock, which will shortly 
be opened, has a length of 647 feet, and a width of 65 feet, the depth of 
water over the sills being 53 feet at high water of spring tides, and 44 
feet at high water of neap tides. At low water the available depth is 17 feet 
at spring tides, and 25 feet at neap tides. The dock No. 2, now in 
coarse of constraction, will be opened in about eighteen months from the 
present time, with an area of 40 acres, and will contain 10 tips of the 
best and most rapid shipping character. This dock will be entered from 
dock No. 1, and will thus have all the advantages of the present entrance 
and also of the Lady Windsor Deep Lock. The average power per tip 
in shipping coal is 300,000 tons per annam. This does not represent the 
actual capacity of the tip, which is immensely in excess of 300,000 tons 
if kept constantly going, but it is a fair average after allowing for delays 
with the coal, delays with the ship for trimming, together with holidays 
and other drawbacks. As there are 24 tips in the original Barry Dock, 
this represents a tipping power of 7^ million tons per annum at the 
existing dock. The greatest quantity of coal shipped at Barry has been 
30,000 tons per day, 130,000 tons roughly per week, equal to 6,760,000 
tons per annum ; but these figures were attained without the aid of two 
new tips which have since come into use. The 10 tips in the new dock, 
to be opened in January, 1898, will be equal to shipping 3,000,000 tons 
at a moderate estimate. The present amount of coal shipped at Barry is 
about 5,000,000 tons per annum, and a vessel has proceeded to sea from 
the existing dock two hours after high water on an ordinary neap tide 
drawing 26 feet of water. This cannot be done at any other dock in the 
Bristol Channel No vessels are beneaped at Barry for want of water, 
and it is now admitted by the highest authorities that docks, to be 
efficient and economical in working and of the greatest utility to ship- 
ping, must be constructed close to the deep water of the sea. The 
docks at Cardiff and Newport have served their day and generation. He 
was surprised to find that the obsolete system of coustructiug docks up 



PEOCEEDINGS. 207 

in the air, at a great distance from the deep water, and practically 
enclosed by extensive mud iBats, was being perpetuated elsewhere at the 
present moment, but, of course, if the Barry Docks are, in the ordinary 
course, to have competition, the Barry Company naturally prefer that 
competition in docks should be in that form. Mr. Thompson concluded 
his highly interesting address, which was enthusiastically received at 
frequent stages, by submitting the toast of the visitors, which was 
received with much heartiness. 

Mr. T. Richardson, M.P., and Mr. Robert Thompson (Sunderland) 
suitably acknowledged the toast on behalf of the visitors ; and having 
thanked the directors of both companies for the cordial welcome extended 
to them, and for the generous preparations made for their reception and 
entertainment, the latter gentleman said from what they had already 
seen of Barry he was of opinion it was destined to attain world-wide 
fame as a leading coal shipping port. 

The toast of the health of the Chairman having been given, the com- 
pany rose and proceeded towards the docks. Having assembled at the 
graving dock, the .visitors and their friends were photographed, and after- 
wards proceeded to the graving dock works (see Plate XLIX. and page 221), 
which were inspected with a good deal of interest. In the dock was lying 
the s.s. " Indrani," of Liverpool, a boat carrying over 7,000 tons. Her 
length was so extensive that she could not be got into one-half of the dock. 
Capt. Trotter showed a number of the engineers over his boat, and the 
engine room, which is one of the finest in any cargo-carrying steamer, 
was generally admired. A cruise was then made round the dock in 
launches, after the hydraulic and other machinery had been inspected. 
The great water area and the admirable facilities for coal-shipping 
greatly impressed the visitors, and was highly appreciated by them. 
After inspecting other points of interest the party retrained and returned 
to Cardiff. Capt. Da vies, the Barry dockmaster, showed the party round 
the dock with pardonable pride, whilst the oflBcials did all in their power 
to make the tour interesting. 
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Ik mcnben md ftieab e^teibd ta tfee aJoan tfeamfT ** Cunbrnw" 
laviBfr On£ffaftibaal lOajB^BBdamrngikDfiicoaibeahoitiyftfter 
nooA. A auBptiMRH I uimJwmi ns ponded at &k lUiacombe Hofail, pce- 
stded over bj lb. C. A. H^vmd, the gcnl (^tsnaa of the Reception 

Committee. J 

^Mt OiM« iMtitHtion of tag^Kos ud ehipbuidm,'* wfaidi ww 
nqxinded lo bj Hr. BoncBr TBOHFStut. FkBt-Pimdeitt, lad Mr. JofiX 
Ddcxht, Secretuy of the Inmintwii. Hr. J. R. FoTHxaotLL, Vwe-Pte- 
sident, propoaed " The Beceptioii Ooaimittee,'* vhidi vu raspmided bo 
by Aldermui Tbotscs utd Hr. J. F. Wuxiksb, Hod. Secretary of the 
Committee. Th«- hp^lth nf tlmr tiai'miMi Mir^ ji |i f[> ^HHH] ^1J Mr H.llicou.. 
The CaxiS3US brkfij R^pooded. Tim bnogbt tfao tout list to a claee, 
when the paitj daqnaed to njoj (be bewitiw of mbaanibe aod its aor- j 
mandiD^ Boenerr. ' 

Xt -t'3<> p.m. the party embarked in the "Cambria" for the retom 
joamey, which was made to Penanh Pier, a distance of over 4u miles, ia 
one hour and fifty -seven minntes. The weather was exceedioglj fine, and 
eveiy posBiblc arrangement was made for the comfort and enjoyment of 
the members. Too mnch praise cannot be given to the members of the 
executive committees for the amount of forethooght displayed in all 
the arrangements, and the kind and conrteona way ia which the members 
of the Institution were received by all. 
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DESCRIPTION OP WOEKS, ETC. 



NEWPOET. 
Thb Alexandra Docks (see Plate XLYL). 

A remarkable feature in connection with the Alexandra Docks is 
their fine natural position, being within convenient access to the large 
collieries of East and West Monmouthshire by means of the Great 
Western Railway system with its numerous branches ; there being, too, 
direct communication tm the Pontypridd, Caerphilly, and Newport 
Railway with the Rhondda Valley collieries. The London and North 
Western, the Midland, and also the Brecon and Merthyr systems are 
likewise connected with these docks. Shipowners agree as to the 
excellency of the approaches to the docks, and, as pointing to the care 
and supervision exercised, the docking and undocking of ships, by night 
and day, has been carried on without damage to property since opening. 

The water surface of the North Dock is 28| acres, with a largo 
graving dock of 515 feet leading therefrom. The lock is lit with 
electric lights, and is 350 feet long by 65 feet broad ; average depth — 
neap tides, 25 feet; spring tides, 85 feet. The facilities provided at 
these docks may, in a word, be said to be unequalled in any port in the 
kingdom. Coal is shipped much more rapidly than at any other port 
in the Bristol Channel, and as an instance of quick despatch, it may be 
mentioned that a vessel of some 12,000 tons burthen was docked, berthed, 
loaded, and cleared in some fifty hours. The facilities for bunkering 
are also &r in advance of other ports, for it matters not in what part 
of the dock a vessel is lying, her bunkering can be proceeded with. 

The South Dock, which cost £500,000, was constructed under the 
Dock Act of 1882 by the Dock Company, from the designs of Mr. W. 
Stopford Smyth, M.I.O.E., and is 1,500 feet long, having a width of 
deep water of 550 feet. The entrance lock irom the river Usk to the 
South Dock or Extension is 508^ feet between the outer and inner gates, 
divided by intermediate gates into lengths of 870 feet and 183^ feet. 
The width of the lock is 72 feet. Surrounding the South Dock are 
nearly 200 acres of land for sidings and storage, and it has a frontage 
to the river Usk of a mile and a quarter. There are besides 100 acres 
of land reserved for depositing ballast. The total present area of water, 
including the North and South Docks and the Timber Pond, exceeds 
60 acres ; the farther extension of the South Dock will add 10 acres of 
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water area. The total area of land eurrouuditi^ the docks ig 400 Ml^H 
Uie land r^ervod for depositing ballast, 193 acres in addition; UiMmSH 
frontage to the river Usk, 1§ miles; and the railway sidings wfl! * 
ultimateiy extend to 50 miles In length. 

The Old Dock. 
The Old Dook, the jubilee of wliich occurred on October lOth, 189*. 
also offers excellent facihties for the loading and nnloading of all 
descriptions of goods. It is capable of receiving steamers of the grcateet 
capacity, some of the largest ships which ever entered the BrisUjl 
Channel having dischai^ed cai'goes here. 

TvNE Engine W'ohks. 
Mr. C, H, Bailey, the proprietor of these works, carries on u large 
business in dry-docking and general ship-repairing work. The pi-eniiskS 
are large and commodious, and iu every way adapted for carrying unl 
every description of work with the utmost despatch, Placed on either 
Bide of the shop arc two powerful craucs, raQning the entire length of 
the works, capable of lifting up to 10 tons. Mr. Bailey shows his enter- 
prise in laying down a large 35 ton lathe — length of centres, 30 fw-t; 
height of centres, 3 feet 7 inches. He also has patent hydnmlic jacks 
of 800 tons for raising collapsed boiler furnaces. Mr. Bailey bos also a 
branch of the Tyne Engine Works at Barry Dock, where his premises 
are quite as extensive as they are here, and the umoant of buainess 
carried on there is quite as large as at Newport. 

Messrs. L, 0. Laurik & Cu.'b WoitKa 
These works are well situated in Mill Parade, and are fitted oat for 
all classes of engineering, having the best facilities and the most useful 
kind of machinery for repairing all parts of marine engines and boilersi 
also machinery for repairs to ships' bulla, sach as large rolls, pnnchiag 
and shearing machines, and large furnace shibs and other tools. MeasTB. 
Laurie have also a shop for carpenters and shipwrights fitted out with 
f.aw, hL'ucli. vll'. Also a shop fitted up with beat facilities for plumbers', 
coppersniithd', ami tinmen's witrl;. 

Meskhs. MokDKY. (,'aunev. & Co. 
Situated at one of the most convenient and accessible parts of the 
westt;ru bauk of the Usk are the foundries, forjrys, fitting shops, boiler 
aiiikci'ij' yards, cu|)poi' smiths, carpenters' shopp, sliipbuildiog ahps, etc.. 
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of Messrs. Mordey, Carney, & Go. Under the control of this firm are 
three graving docks in convenient proximity to each .other : the Edith, 
220 feet long ; the Alice, 289 feet long ; and the Mary, 850 feet long ; 
besides which there is the repairing berth in Jack's Pill close by 850 feet 
long. The last-named berth is of the utmost service to the firm, is easy 
of access and highly convenient, especially for survey jobs, as steamei*s 
may be free of charge nntil all internal repairs are completed before 
entering one of the dry docks. The Mary Dock cost about £80,000, and 
its dimensions enable the firm to take some of the largest vessels. The 
width is 80 feet, and the depth 82 feet, whilst the bottom is concreted 
throughout. Four additional feet of water on the cill is another import- 
ant feature, which makes the accommodation wellnigh complete. 

Newport Corporation Electricity Works. 

One of the most interesting places visited was the Newport New 
Electrical Lighting Supply Works. These works were opened on the 
14th October, 1895, by the then Mayor of Newport, Aid. J. C. Sanders. 
The site of the works has been well chosen, affording ready access to coal 
and water, and is in direct communication with the Great Western Rail- 
way. These works have been laid out on the most approved plan. In 
the boiler-house there are four Lancashire boilers, each 28 feet long by 
7 feet 6 inches diameter, with flues 3 feet diameter, giving a grate surface 
of 86 feet. The working pressure is 125 lbs., but they can be worked up 
to a pressure of 150 lbs. per square inch, and each boiler is capable of 
evaporating 4,500 lbs. of water per hour, with a feed supply temperature 
of 60 degs. Fahr. Each boiler is fitted with Proctor's mechanical stokers, 
driven by a small horizontal engine, and with Meldrum's system of forced 
draught being arranged when the boilers are required to work with 
natural draught. These boilers are fed with three duplex feed pumps, 
each capable of delivering 1,500 gallons of water per hour at a piston 
speed of 50 feet per minute. Three Berryman feed-water heaters are 
erected. When the engines are working non-condensing these heaters 
maintain the water supply to the boilers at a temperature of 200 degs. 
Fahr. The boiler house plant includes one of Worthington's self-acting 
jet condensers, which maintains a constant vacuum of 27 inches, and is 
capable of condensing the exhaust steam of 750 I.H.P. The condenser 
has two high-pressure cyliuders and two double-acting injection water 
plungers. 

In the engine house, which is 98 feet long by 50 feet wide, are four 
engines of the horizontal compound condensing type of the following 
dimensions : — 
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High pressure cylinder 13 inches diameter. 

Low pre§fliire cylinder 24 inches diameter. 

Length of stroke - -. 2-1 inchee. 

Speed --. ... 110 revolutions per mionte. 

And are arranged for working iu conjunction with the separate uondenser, 
and each engme is capable of giving off a cuntinuous load of 15u I.U.P. 

The fly-wheels are 13 feet diameter, each weighing over 8 toiu, and 
grooved for eight cotton ropes of 1^ inches diameter. 

Coupled direct U> the engines arc four Hall patent high UiosioQ alter- 
nators, each giving an oatput of 75 kilowatts, and capable of supplying 
current to 21.100 lamps of eight candle power. 

The speed at which the altornatora are run is 525 revolutions per 
minute, and the mean speed at which Iho armature conductor is passed 
by the field magnets is about 7,000 per minute. The approximate weight 
of each alternator and exciter, with rails and bed-plates, is 13 tons. 

The switchboard is fixed at one end of the eugine bouse, and ia filt^nl 
with a complete set of iustrnments for controlling the current and regu- 
lating its distribution between the several ciirrenU ; it is designed to 
maintain high inatallatioa. In the test-room are a full set of inBtrnmeiit« 
neceasary for the complete equipment of the t«ating department. | 

The day load plant is placed in a sejMiratL' building at the south east ' 
corner of the premises. This consists of a semi-portable under-type 
combined engine and boiler of 50 I.H.P. The working pressure is 140 
lbs. per square inch, and the speed of the engine is 135 revolutions per 
minute. The electric current is generated by Hall's combined alternator 
and exciter fixed on one bed-plate of similar construction to the large 
alternators. For this a separate switchboard with all the neoessar; 
instruments is provided, which is connected to the main switchboard 
and is arranged so that the dynamo can be controlled at either board. 

Ni':wP0RT Gnoineekino and Ship-repairing Coupant, Lihitbd. 
The works of the Newport Engineering and Ship-repairing Gompaay, 
Limited, are in Alexandra Road, conveniently situated for carrying out 
the repairs of vessels in either the Alexandra or Old Dock or in the 
river. As the name implies, the company principally lay themselves out 
I'ur shipping, but they also do a considerable amount of work in connec- 
tion with varions collieries and works in the neighbourhood. The shops 
arc laid nut with every modern convenience, and are well adapted to 
Ciiri'y out work with the greatest possiijle despatch. Many lai^e damage 
repairs have been executed by this company in the Alexandra Graving 
Dock. 
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The Newport Ropery Works, 

iu Clarence Place, are most conveniently Bituated either for despatching 
by rail or water, and are devoted to the manufacture of every description 
of white and tarred hemp, Manilla and coir ropes, trawl warps, bolt ropes, 
spun-yams, lines, and twines of every description. The works, which are 
in every respect well adapted to the trade engaged in, have been fitted up 
with machinery of the newest and most approved character, and by the 
assistance of this valuable introduction the firm are enabled to produce 
goods of the most standard quality. The machinery is driven by 150 
horse-power steam engine, and the works have just turned out two 
gigantic coir ropes, measuring 22 and 23 inches, and weighing nearly 
'8 tons each. Mr. Charles D. Phillips is the sole proprietor, to whom 
credit is due for his successful efforts in rapidly creating a valuable and 
substantial business connection for the disposal of the productions. The 
premises in Clarence Place have been specially enlarged for developing 
the business, and are therefore well adapted for its requirements. 

Messrs. Richards & Hopkins. 

Messrs. Richards & Hopkins, engineers, iron and brass founders, 
Britannia Works, Pillgwenlly, have works which cover an acre of ground, 
and are being extended from time to time as the growth of the business 
necessitates. One of the most notable additions of recent years has been 
the construction of a fine erecting shed, in which the machinery made by 
the firm is put together. The. firm possess a brass foundry capable of 
casting 2 tons of metal at a time, and in the large ship- repairing shop 
there is an excellent plant, comprising heavy punching and shearing 
machines, and powerful rolls for plate bending. There is a railway siding 
for the main line and the docks, affording ample facilities of transport. 
All the machinery in turning sheds, smiths' shops, etc., is of the best 
modem type, and the fine lathes, slotting machines, punching and drill- 
ing machines, etc., are all driven by compound condensing engines. 

South Wales Brattice Cloth and Indiarubbbr Company. 

The South Wales Brattice Cloth and Indiarubber Company, Limited, 
have their works and wholesale warehouses at East Usk Road, the same 
having been rebuilt and rearranged within the last couple of years on 
the most modern and approved lines. The plant and machinery are of 
the most eflBcient kind, and in the manufacture of brattice cloth, air 
tubing, tarpaulin, rick cloths, railway truck covers, and horse cloths, the 
company are doing a very large and increasing business. In addition to 
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beino; mnTinfnctnrers, the company do an extensive trnde as merchants in ] 
indiarubber for all mechanical parpnaes, vbItcs, sheetB, waahere, engiM I 
packing, asbestoa goods, etc. It ia Eatisfttctory to not« that Newport la I 
not bobtsd the times in this of in other branches of maaiifactnre. I 

Union Dky DocKa Company, Limited. 
The Union Dry Docks Company have tlieir head office at Brithdir 
Works, Alexandra Docks, with branches at Sharpness and Barry. Their 
present dry dock at Newport ia of modem coostmctioQ. It is 850 ftet 
long, 88 feet wide at the gates, and has a depth at spring tides of 27 
feet. The work at the new dock is well in hand, and, when completed, 
the dock will be one of the largest in the Bristol Channel, aSbrdin^ 
accommodation which cannot at present be provided at Cardiff or Barry I 
Docks. Its width will be 65 feet at the gates, depth 85 feet, and it wiB ^ 
take in a steamer of 530 feet over all. The works are situated near the 
Aieiandra Docks, forming a completely e<iaippcd establishment in tbeni- 
selves, and were laid out for working on vessels in the Alexandra Dock)' 
and that side of the river generally. The repairing estahlishmenta at 
Sharpness and Bivrry Docks cover every kind of work in iron and wood 
shipbnilding, boiler-making, bull and engine repairing. The new dock 
will be fitted with oentrifngnl pumps capable of pumping the dock diy ^ 
in one honr, so that a steamer can entvr and dry duck for osamiiintion, 
undock, and be at her loading berth on the same tide. 



CARDIFF. 
DowLAiB Iron and Steel Works. 

These works were formally opened in February, 1891. 

The blast furnaces, four in number, are each 75 feet high from the 
hearth level, and 85 feet high from the works' rail level, 20 feet diameter 
in the botches and 10 feet in the hearth, with eight tuyeres and an 
elaborate system of water-cooled boxes, built into the boshea, and aur- 
rounding tlie lower part of the hearth. 

The funiutres have closed tops, with cup and cone cbargera ; the gas, 
taken off by downcomers, pas.ws tliron.i,'h a main parallel to the line of 
furnaces with connections for the stoves, then into a smaller main bv 
whiili the f,'ascH are led to the boilers. 

Inserted in (he liorse-shoc main of each blast furnace ia a Le Chatc- 
liers tlieiiiiu jinietiun, which can l)e joined up with a self-recording 
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apparatns, by means of which a record of the temperatare of the hot blast 
supph'ed to each famace, and also the times at which the stoves have 
been changed, is obtained. An instrument also automatically records 
the time and interval at which the blast farnaces are charged. 

The blast for the furnace is heated by eleven Cowper stoves, each 68 
feet high and 24 feet diameter, with a heating surface of 47,500 square 
feet, giving an average temperature of 1,300 degs. Fahr. 

At the back of the furnaces, and in a line with them, are three coke- 
bunkers, each having a capacity of 1,250 tons ; twelve ore bunkers, each 
having a capacity of 867 tons ; four limestone bunkers, each having a 
capacity of 850 tons. The ore and limestone bunkers may be used 
at any time for calcining purposes. 

The bunkers are filled from wagons running over a railway upon a 
gantry carried by iron columns passing over their tops. The wagons are 
raised by a hoist. This hoist, as well as the furnace hoist, is water- 
balanced, the former having a lift of 58 feet, while the latter has a lift 
of 85 feet. 

The engines for supplying air and water to the furnaces and lifts are 
contained in a large engine house 146 feet long, 82 feet wide, and 60 
feet high, with water tanks on the top of 178,000 gallons capacity for 
the tuyeres, and 90,000 gallons for the hydraulic engines, and bottom 
tanks with a capacity of 120,000 gallons. 

Three blast engines were supplied by Messrs. Kitson & Co., and are of 
the compound surface condensing type, direct-acting with the blast cylin- 
ders below the steam cylinders. The high pressure cylinders are 36 inches 
diameter, the low pressure cylinders 62 inches diameter, the blast 
cylinders, 88 inches diameter, and all the cylinders are 60 inches stroke, 
fitted with piston valves. The fourth blast engine is by Messrs. D. 
Adamson, and is also of the compound surface condensing type, but with 
an independent condenser. The high pressure cylinder is 36 inches 
diameter, the low pressure cylinder is 64 inches diameter, the blast 
pressure cylinder is 88 inches diameter, and all the cylinders are 60 inches 
stroke. The high pressure cylinder is fitted with Wheellock valve gear, 
and the low pressure cylinder with the ordinary piston valves. Each 
engine is capable of developing 1,200 horse-power, and delivering 25,000 
cubic feet of air per minute, at a pressure of 4 J to 10 lbs. per square 
inch. 

The pumping machinery includes two compound pumping engines 
for the furnace and mineral hoists, each having a capacity of 1,500 
gallons per minute ; six compound pumping engines for tuyere and 
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cooler water, each having a capacity of 400 gallooa jier ininntFe ; two 
compound boiler feed pumps, each capable of delivering 100 gallona per 
minnte at the full boiler pressore. The steel boilere, twelve in tiumlwr, 
are of the ordmary double-floed Lancashir<^ pattern, 8 feet S inches 
diameter and 30 feet Ion*;, work at 100 jbg. pressure, and are ga* fired. 
The boiler chimney is 240 feet high, with an inside diameter of 18 feel 
6 incheB at the top. 

The hydraulic and electric light honses contain one doable tuidrai 
componnd hydraulic pumping engine, delivering 160 gallons per nuDUtn t 
two componnd hydraulic pumping engines, each delivering 100 gallon* 
[ler minute, and one compound hydraulic pumping engine, delivering 90 
gallons per minute. There are also two single tandem compound engiooi) 
with Prod vulva gear, each indicating 80 horse-power, and developing 
at the dynamo 230 amperes at 230 volts. All the hydraulic pumping- 
fiigines work at a pressure of 750 lbs. per square inch, and there ie an 
independent surface condenaing plant for the hydraulic and electric lighfc 
engines. 

The weekly output per fiirnnce is, with moderate driving, nboul 1 ,500 
tons. The pig-beda are large. The pig-iron ie allowed to become cold 
on the beds, and its removal and breaking up is accomplished by mechani- 
cal means. The apparatus consists of ij nick -running overhead Eteam*'^ 
travelling cranes, which sweep the whole surface of the pig-beds, sod 
bring the iron to the hydraulic breaker, where it is broken and loaded 
direct into wagons. Two hydraulic " pig-breakers " are in use, nnd can 
readily deal with the output of the furnaces. 

The slag from the blast furnaces is removed in ladles mounted on 
carriages, which tip it sideways while in a molten state wherever it is 
R'quired. By means of a subway there is an independent railway connec- 
tion from the works to the wharf on the Ronth Dock, on which stand six 
hydraulic wharf cranes, each capable of lifting 35 to 40 cwt. These are 
supplied with hydraulic power from the works, and are used for loading 
and unloading alt the materials for the Cardiff and Dowlais Works. 

TuK Steel Woiiks, 
The plant for the production of mild steel consists of six 80 ton 
Siemens smelting furnuci'S, eiich furnace having its own chimney. To 
assist in I'liarglng the niat*.Tials into thvse furnaces a 30 ton electrically- 
driven iiMThcad crane is placed above the charging platform. In front 
ijf tln' simlting furnaces aii; two sets of vertical heating furnaces for 
ingiits. each iiaving U;d holes and fitted with Siemens regenerators and 
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The farnaoes are heated by gas supplied by eighteen Ingham pro- 
ducers, charged by mechanical stokers. 

The ingots, when cast, weighing about 6 tons each, are removed from 
the casting pit by a steam crane and lowered into the vertical ingot- 
heating furnaces. Another steam crane raises the ingot from the heating 
furnaces and places it on a hydraulic tilter, which lowers it on to the 
rollers of the slabbing mill, where it is reduced to a slab of the desired 
thickness and width. The rolls of this mill are 86 inch centres, and can 
edge slabs 8 feet 6 inches wide. The slabbing engines' cylinders are 
48 inches diameter, 60 inches stroke, and geared two to one. The slab 
passes from the slabbing mill to the slab shear, where it is cut to the 
necessary sizes by a shear capable of cutting a slab 8 feet 6 inches wide 
and 10 inches thick; these are removed to a re-heating furnace by a 
'circular charger, which can draw and charge slabs up to 6 tons weight, 
and is placed so as to take the slabs from the slabbing mill and charge 
them into the re-heating furnaces, then to take them from these furnaces 
and place them on the rollers of the plate mill, where they are rolled into 
a plate. The plate mill rolls are 82 inches diameter and 9 feet long, and 
the engines driving them have cylinders 54 inches and 60 inches stroke, 
and are geared two to one. The plates are cut up by heavy plate shears 
into various sizes, according to specifications received by the firm. Every 
plate is tested for tensile strain and bending. 

The ten Lancashire boilers in use for generating steam for the 
machineryi;in the steel works are of the same dimensions and type as 
those described under the blast furnace plant. 

The Mount Stuart Shipbuilding, Graving Docks, and 
Engineering Company, Limited. 

The graving docks (two in number) and shipbuilding premises of 
this company are close to the entrance of the Bute loading docks, and 
are on an extensive scale. The graving docks can accommodate vessels 
up to 10,000 tons deadweight, und ships do not incur Cardiff or Penarth 
dock dues through using them. No. 1 graving dock is 440 feet long 
and 70 feet wide. No. 2 dock is 420 feet long and 106 feet wide, with 
blocks laid for two vessels to be berthed alongside each other. Inner 
gates are provided, which retain water to a depth of 20 feet (on blocks) 
when required. The machinery and plant are of the newest description, 
designed to execute work with the utmost despatch and economy. 
Special attention is given to orders for salving wrecked or stranded 
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vewiclK. Cuntrifugal pumps und salvage gear can be shipped at a 
mument'fl notice. The vrorkabops are fitted with locomalive cmnoa, 
having a lifting power exceeding 40 tons. These docks aad works itre 
carried on under the inaiiagemeDt of Mr. Thomas W. WaileB; John 
Ouuii, Ewi., J. P., is chairman of the company. 

Thk BirTK Rtiji'mjii.DiNQ, Enqineebino, and Dhy Docks CoMi-ANr, 

LtHITELI, OaRDIKF. 

The above works and dry docks are situated jast within the main 
uDtruQce to tlie port, vi7.., Ruath Basin, and hold exoeptional iidvaiitiigcc 
til airry out their business. Tho docks are GOO feet long mid 7-i feet 
widu at bottom. Vessels can bo docked and imdookud regardless of j 
tldiM tttid without the aid of tugs, and are then in a position to proot:««L 
Ui ailhur tlie Konth ItaKiii, Roalh Dock, or East Dock, for loading with 
tlio inlnlimiin of transpuilrng. The dry docks arc so constmcted tbab 
Llio wnli-r iHin either Iw pumped oat or ran away into the Channel. The 
whiilu of the maohiucry is of the most modern type, thus enabling tbo 
oompany to carry out repairs with economy and dcApalch. 

Jl.-S(TIO.V DllY DWK, CAIIOirF. 
The Cardiff Junction Dry Dock and Engineering Company, Limited, 
carry on ImiiincM at Cardiff and Barry Docks as dry dock owners, ship 
repairer*, and engineers. They have a lai^ dry dock conveniently 
situau,-*! Iietwetn the East Bute Baein and West Bnte Dock, with every 
possible cmvcnicnce for all kinds of repairs. A lai^e fonndry at their 
Tol«l fJain Works at the top of the East Bute Dock, where they make 
a speciality of castings for ships, particularly propellers, and also do 
every duccriiition of castings. They have also a ship-repairing works 
adjiicent Ut the Commercial Dry Dock, opening out of the Roath Dock 
Basin. This firm has also a thoi-onghly equipped ship-repairing works 
at Riirry Dw.-ks. The works are under tlie management of Mr. E. 
.loniuii. wIjo han l-'^iri with the ooriiiuiny since its formation in 1881. 
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Thk Tvnvir. KsdrNKEiiiNr; anh Sirip-RKi'AiRixn Company, LiMirsn. 

A vciy large and thorouirlily representative engineering and ship- 
rep;iiring business is earried on by the above-named company, which 
comnit-nued (iperatinns on May 2n(l, IKlH.aiid has since had a highly 
>%ucousHful t:amv. These works, wiiiuli iire admirably situated at a 
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point between East and Boath Docks, and adjoining the Commercial 
Dry Docks^ are extensive, but are at the same time very compact in 
their arrangement, and are organised thronghont in a manner conducive 
to the greatest convenience in the execution of work. Iron and brass 
foundries, boiler sheds, coppersmiths' and shipwrights' shops, and 
general engineering shops are included in this establishment, all these 
departments being fiilly equipped with the newest and best machinery 
for their several purposes. These works are carried on under the careful 
supervision of the manager, Mr. W. Scott. 

The Mercantile Pontoon Company, Limited. 

The works of the Mercantile Pontoon Company, Limited, are cen- 
trally situated on the Bute Docks system, close to the Boath Basin and 
the entrance locks of the East and Boath Docks. 

The works appear to be a duplicate of the North-East Coast style of 
architecture for engineering shops, and are well laid out for dealing with 
engine ship-repairing work. The pontoon adjoins the works, and lies 
afloat in the Boath Dock. 

The pontoon, which is 860 feet long by 70 feet broad, and has a 
lifting power of 8,500 over and above its own weight, has been a striking 
financial and mechanical success, embodies several unique ideas, and 
is self-docking. The advantages of a pontoon for painting ships is here 
very strikingly illustrated, as the amount of light and air obtained dries 
the hulls of vessels very rapidly. 

Mr. B. A. Foster is chairman of the company, Mr. George Butherford, 
managing director, and Mr. F. Morris, manager and secretary. 

The Tyneside Engine Works, Limited. 

The works of this company occupy a very favourable central position, 
immediately adjoining the Commercial Dry Dock, and comprise extensive 
fitting, machine, and erecting shops, coppersmiths', plumbing, ship- 
wrights', joiners', pattern makers', blacksmiths', and boiler shops, with 
good cranage equipment, and an ample supply of high class machinery 
for general ship repairing, new engine and boiler building, etc. 

Hill's Dry Docks and Engineering Company, Limited, Cardiff. 

Hill's Dry Docks and Engineering Company, Limited, are the lessees 
of three graving docks^ all of them being within the Bute Docks, and thus 
possessing the advantage of being independent of tides and accessible to 
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vessels at any hour of the day or night, a matter of no amnll importADoe 
in the graving dock biisiDesa. Of these docks ttro open ont of t!iG viiM 
aide of the Ea^t Bntc Ducks, the one being 408 feet, and the other Jnu 
feet long, and both having a width of 48 feet at the entrance, wilti a 
deptli of water on the blocks of 17 feet, and the thii'd is sitoate at the top 
of the West Dock, its length being 232 feet by 40 feet in width at the 
entrance, with 12 feet depth of water of blocks. All these docks aiv- in J 
direct communication by means of a telephone with the company's ollica | 
at the Exchange. The comj»uy alra Iwise an eiteosirc piece of graond I 
alongside their graving docks, on which they have erected a fine range of I 
buildings for their engineering department, consisting of a fitting shop I 
and fonndry, furniahed thronghont with all the latest improved macliinerj i 
and appliances, there thns being on the spot eveiy facility fwr makii^ i 
casliugs in iron and brass for any kind of engineering work, and for I 
carrying out every description of repairs that may be required, wtiuiharj 
in iron, wood, or madiiiiery. A siding ninniog directly along tho nutge I 
of t)ie works connects them with the main system of the Grest Wi«tcrn 
Railway, rendering the transporti of material and finished goods to and 
(Vom the works a matter of the gre&tt*t ease. These worku are under iJie 
management of llr. Thonuka Oampbell. . 



The Pknabth SiiipnuiLDiNa and Suip-bepairino (Jompany, 
Limited, Penarth Dock. 

The Penarth Shipbuilding and Ship-repairing Company, Limited, 

which was founded by an influential body of gentlemen of the town and 
locality in 1878, has its works alongside Penarth Dock, and thns has 
splendid fiicilities for carrying on repairs to vessels white they are either 
taking in or unloading cargo — a great saving to owners, both in time 
and eipcnsc, being thereby ensured. The works comprise a slipway 867 
lout lung, capable of taking up vessels of 300 feet in length and 2,4lM) 
tons gross regiKter ; a gridiron 374 feet long, capable of accommodating 
vessel.-i of 1,000 tons gross register; and an extensive series of workshops, 
lilted tliniuglKiiu ivilb electrie li;:ht, and cmiplelu with alt the most 
modern and best ty|>e of lUiichiuery for sliipbnildiiii.', nniriue engineering, 
marine bi>ilerm:ikirig. and every ela-a nf rr[i;iiring ivork likely t" Ix" 
rit|iiired for cither sli-iini or siiilirig vissels. Alongside the slipway is 
erected a powerful r.idial crane, capable of transferring ships' propellers, 
shafts, winches, or other lieiivy material, direct IVoni a railway truck, or 
from the litting shoji door, on to a vessel's deck, or into tlie engine room 
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or holds, at one lift, br vice versa. The company has devoted much 
attention to the development of the shipbuilding department of its busi- 
ness, having built and engined in all twelve new steamers at these works 
since their establishment. 

The Babry Graving Dock and Engineering Company 

(see Plate XLIX.). 

This company's graving dock is situated near the north-east corner 
of the Barry Dock, and in close proximity to the Barry Dock Railway 
Station. It is 726 feet in length by 113 feet 6 inches in width, with a 
width of entrance of 60 feet, and has a depth of water on the sill of 24 
feet. About midway it is divided by a caisson, and has a double line of 
blocks for its full length, and, excepting when the dock is occupied by a 
vessel of enormous length, four vessels, or even more, according to size, 
may be accommodated at the same time ; while, when occasion serves, it 
can, by combining the two divisions of the dock, handle a ship of 725 
feet in length. The dock is built of Sully stone, with granite altars and 
coping. Railway tracks, in direct communication with the Barry Com- 
pany's lines, run completely round the graving dock, with sidings to the 
engineering works. Travelling cranes are fitted upon the rails, capable 
of lifting weights up to 12 tons. 

A row of lofty and commodious shops, abundantly suppHed with light 
and air, run parallel with the south wall, and have a frontage of 525 feet. 
These have been erected from the designs of Mr. Lowdon, the company's 
general manager, who has also superintended the whole outfitting of the 
shops with the most complete modem machinery. 

On the west end of the terrace of buildings is the shipbuilders' and 
boilermakers* shop; this is 158 feet long, by the greatest width of 71 feet. 
It is fitted up with the most modem tools and appliances. Next comes 
the copper and tinsmiths' and plumbers' shop, then the pump engine and 
boiler house, the engines of which are of 510 horse-power. They are 
coupled direct to two 40 inch centrifugal pumps, which may be used 
separately if required, and which are guaranteed to empty both divisions 
of the dock — that is, more than 60,000 tons of water — in a little over 
four hours. The boilers, three in number, were made by Messrs. 
Galloway, of Manchester, for a working pressure of 100 pounds to the 
square inch. To the eastward is situated the building devoted to general 
stores and tools. Its position in the centre of the block is convenient, 
being accessible from all parts of the works. The machine and fitting 
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shop has been completely and akilfully fitted up and arranged for its 
pnrpoaes. Among the machines may be mentioned the powerftil screw- 
driven Blotter of Messrs. Bnckton A Co., the double-headed shaping 
machine of McBt<rB. Hulao, the patent planing machine of M^srs, Dean, 
Smith, & Grace, and a 50 iuch lathe of Measnt. Butterfield, weighing 
about 50 tons. Overhead traveUing cranes run from end to end of this 
engineering shop. I 

The machinery is driven bj three Otto gaa engines, representing a 
combined power of eighty-five horaea. To the foundry two of Stewart's 
patent cupolas are fitted up, alao drying stoves and brass-melting tiiruaces. 
The smiths' shop is completely fitted np with forges and steam hammera, 
and occupies the eastern end of the block of buildings. This ehop is so 
constructed as to be able to deal with the repairs of the largest forging*. 
Behind the fitting shop is ii saw mill, a commodioaa sepai-ate building 
for the pattern makers and joinei-s, a lai^ boat bnilding shed, etc. 
Tlie company manufacture their own gas for supplying the Otto engines 
by the use of Dowson'a plant. The shops are for the most part con- 
atracted of wrought iron, whereby strength, light, and fireproof qualities 
are combined. There is also a complete electrical plant for lighting, and 
for driving the wood-working machinery. The company are about to i 
build a second single gniving dock of sufficient size to take in the htrgest ' 
merchant steamers afloat. 
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NOTES ON THE MAINTENANCE AND REPAIRS OF MARINE 

BOILERS. 



By J. F. WALLIKER. 



[Rbad bbfobb the Institution, at Cardiff, on June 25th, 1896.] 



One of the principal points to be considered in the paying life of a 
steamer is the boiler question, as care exercised in ordinary upkeep 
from the first becomes a marked factor when increase of years and 
adoption of newer types of vessels brings down to almost the vanishing 
point the necessary margin of profit which tempts the capitalist. 

It may be specially interesting to note in this respect that on Decem- 
ber 81sty 1895, the total number of steamers registered in Cardiff alone 
numbered 290, with a total of 183,900 registered tons. 

In bringing forward for the consideration of the members a few 
points for discussion, founded principally on the writer's experience, it 
will not perhaps be necessary to say that the subject-matter is confined 
entirely to the present cylindrical type (or Scotch boiler) as, it is under- 
stood, with few exceptions, this is in universal use. Whether the 
future boiler of the mercantile marine is or is not to be of the water-tube 
pattern does not appear to be in any way settled, but it is certain that 
many more boilers of the present type will be built, and that the evolu- 
tion of the new boiler will be a slow one. That the water-tube boiler is 
highly successful for certain classes of vessels is an undoubted fact, and 
one of the principal objections made to its adoption has been for some time 
done away with, in the universal use in the best and most modem cargo 
boats, of apparatus for supplying fresh water for auxiliary use. The 
working pressures of marine boilers is gradually getting higher and 
higher, and, as we appear to have nearly reached the limit of thickness 
in the flat plates of the present boiler, some modification in form will be 
necessary. 

The increase of pressures will be easily seen from the subjoined table 
corrected up to the middle of last year : — 
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Tablb Hhowtvs IvcuAaa op Putanraaa iir Maiv Uoh-kss at V«aaKU 
Ci^aasD iH LLom'fl Bioibtib m 1BB5 ahd 1895. 



B«1i>wG0lb 122 ... 40 

eolbi. toTOlba 673 ... 217 

TO lt>«. to 80 Ih*. ... 1.32S ... R66 

WDm. to90ltM ... 1,650 ... 1,101 

no 11m. tulOOlba. , 346 ... 3!>7 

100 Ibi. la 110 ll» 102 ... 321 

llOlbn. tolSOlU. 33 ... 213 

160 lln. to 160 Its. U ... 617 

160 lb« U ... 2.200 

AboTo 160 Ibd. 3 ... 416 

Before paaaiag to the main qneation of maintenance and repairs, tlieie ' 
appears to be two factors wbich have intimate relations with them, and 
which uauBt assist or retard the ultimate saocesa of the moat careful ikud 
elaborate supervision, and these are liesyn und manufacture. 1 



Design. ^B 

Mtirine boilers are unfortunately often designed and placed in a venel 
without due regard being paid to accessibilit)' both of the exterior and 
interior parts, and that this is a crucial matter is too often shown after a 
long coui-se of necessary neglect by the extensive repairs and renewals 
that are required. The writer would then place accessibility in the fore- 
front of all boiler design ; the heating and grate surface being allowed 
for, the boiler should be so made (and it can be made) that all ita parts 
can be got at for cleaning and examination. What is usually seen in 
ill-designed boilers P Tnbee and stays brought cloae to the furnace 
crowns and shell of boilerB, stays placed in waterways, at the sidee of 
miid-hole doors, etc. 

Wide spacing of stays at the combustion chamber back seems to be a 
point often omitted when designing a boiler, and there appears to be no 
tT'iisou wliy a limit of ,",t or | inch should be imposed on a flat plate 
at this jKirt when a ^ inch one is in siirocsaful use in an equally hot or 
hotter jvirt, viz., the furnace. The difTercnce in the staying of this part 
willi 11 i"n iui-li and a j inch plate can be easily seen from the accompany- 
ing; skotch tnati' XL. and XIJ.), whicb shows a marked difference in 
fu\our of tlk' Lliickcr plate ; iu:uially,2(;4 stays with a ^V '"ch plate and 
lfit> -liiys with a J inch plate. 
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Manufacture. 

A very few words as to mannfecture. The workmanship in the marine 
boiler has reached sach a high state of general excellence that nothing 
but praise can be meted out when adverting to it. The use of plates of 
over If inches in thickness and of a weight of some tons necessitates the 
nicest adjustment of parts in the workshop, and, indeed, boilermaking has 
almost become one of the fine arts in shop manipulation. The use of the 
hydraulic riveter and closer has done everything in this branch, and it 
is to their universal adoption that the high pressure boiler of the present 
day is a possibility and a success. 

Management. 

The superiority of the system upon which boilers of the present day 
are worked compared with that of fifteen or twenty years ago show 
enormous strides in the general condition in which they are found ; 
at that time twelve years was usually looked upon as a good life for a 
marine boiler, and with the lighter scantlings, indifferent workmanship, 
and general want of knowledge in treatment this remark was more or less 
perfectly true. With, however, the present better knowledge it is not a 
bold assertion to make that thirty years will not be an excessive age, and 
more especially when it is remembered how many boilers of over eighteen 
years of age of the older type, and under the newer conditions of know- 
ledge, are still in existence, and doing good work. 

The chief items in internal deterioration are : — 

1. Pitting and corrosion ; 

2. Overheating of plates due to scale, etc. ; and consequent 
8. Wasting; and 

4. Distortion. 
The chief factors in external deterioration are : — 

1. Leaking at landing edges and rivets. 
Application of Zinc and Soda. — The cause of pitting and corrosion has 
been discussed almost ad nauseam in every society taking an interest in 
boiler deterioration, but it is now a matter of universal knowledge that its 
harmful effects can be entirely obviated by cleanliness and care, and (or) by 
the use of zinc and common soda. These are applied under various 
patent designations, but the resultant is the same in lasting benefit to the 
boiler. 

The almost entire disuse of oils to the pistons and valves of engines 
has materially contributed to the present good order of the interiors, 
and it cannot be too much emphasized how well the modem engine runs 
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IS a bctoT in the eaccess of 
tfae MUtx-tabe bnkr that tbu c^Iindcn and nim of the engines are ran 
iritbant oO, but tfau qMem of onlj onng the Bm&U portions poaaed ia 
btim the piitaii and atber racb bs» luoig pterailed in man; of our bat i 
cargo boftfaL I 

The eraparBtor has been almdj noted, and the adrant^tn of ita | 
asefnl adjtucta, the feed hater and atniner, have also been ftiUy dis- j 
cased ID pipaa tvad before the membcn of this InaUttitioQ. 

Haihtksascb asd Bkpairs. 

Brilmg Back Funace*. — Amoi^ the muoercniB Items of boiler repaiir -^ 
Uiere hare, anforlmiatielj, stiD fai be heed that of ocGa^ional diBtortcd 
furnaces, and theee^ when Foand aerioody oat of eliape. have to be dealt 
with either bj icpladi^ or by being fwced bock into their original shape. 
The Qsoal proceduK is u cros-oa; the f nmace at right angles Ui the 
direction in which the force has to be applied, property support the wul«r 
side of the ftimaoe, and then restore to ^pe by pressare, going over the 
parta over and over again. Wbetc the deflections have taktn the form, 
of pockets li hole has to be drilled in the centre for the gathering of tfaA 
metal, and no difficult l»s been experienced so far, even in vei 
hopeleffl-Iookiiig csmh. A hydranlic jack, with aide anna and chi 
iu1li[iU--1 to different diflrai.-ters (Platf 5LII,) has lieen in successful use 
for some time, and it need not he added in this ^e of steel boilers that 
these operations are carried out without the aid of heateia. 

Failure in Plates nnd Slays. — Some few years ago engineers were 
troubled with what were then considered mysterious cracks in shell plates 
of double-ended Iwilcrs, and also in combustion chambers. The origin of 
tlieue has been fully investigated, and their causes well ondentood. Of 
more ncent interest are the cases of fracture of short combustion chamber 
stays, ^'enerally occurring at the backs at bottom, and occasionally in 
double-ended boilers at the top row in the wings. Examples of these are 
shown in Plates XLIII. and XLIV., and the causes are apparently doe 
to unequal eipansion. It is to be noted in each case that the stays have 
broken off next to the shell, that they show no signs of elongation, that 
the fracture is nearly S({Uare, and tliat no further trouble has occurred 
nfti;r they had been once renewed. 

Boiler Tiibi'f. — A ijuestion has often arisen as to the condition in 
which the tubes of a Iwilei- ought to In; kept, whether it is better to lot 
them run uncleaned or with the same ciu'e and attention bestowed on 
tliein as the furnaeen, and the (luestiou beiug rather ;ui interesting one. 
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may be stated in the following way : — The percentage of tube surface in 
the heating surface of a boiler is about 85 per cent., and the effective 
heating surface 40 per cent — allowing 80 per cent, for furnaces and 80 
per cent, for combustion chambers, etc. 

Now, if we take this at 20 per cent, instead of 40 per cent, what 
becomes of all this efficient heating surface when the tubes have from 
^ inch upwards of hard scale on them, and does it not seem to point to 
true economy in working to have this important boiler factor kept at 
its highest state of efficiency ? With the more modern boiler this is 
banning to be seen, but with few exceptions, the older type of boiler 
(and this the one, too, that can least afford it) is allowed to be neglected 
until the corrosion, which has all the time been at work under the scale, 
eats through the metal and causes delay and expense by a general total 
renewal of the tubes at the age of six years and upwards. The writer 
is cognisant of one firm of shipowners who consistently laid up their 
vessels for a short time for the purpose of cleaning the boiler tubes, and 
these coasting vessels of 1,500 to 2,000 tons had never in one instance, 
up to a short time ago, retubed a single boiler, several of which had been 
running in continous work over eighteen years. 

Chiarda to End Plates, — ^A point that might be added with regard to 
end plate guards is the absolute necessity of having them either fitted 
altogether separate from the boiler end (which is the best practice), or so 
made that soot or other matter is unable to gather there to the serious 
detriment of the plate and contiguous stays. The whole of the deteriera- 
tion observable in this part could, in the writer's opinion, be absolutely 
done away with by attention to this most necessary detail, and all wasting 
can invariably be traced to the presence of undue heat. 

Auxiliary Boilers. — Speaking generally the principal wear noticeable 
in auxiliary or donkey boilers is due entirely to the effects of heat and 
damp on the shell, this being most noticeable in the cases of vertical 
boilers in stokeholds where the wasting is invariably to be found on the 
side next to the main boilers. The cure for this is so obvious that it 
would be unnecessary to mention it were it not for the fact that so many 
boilers are rapidly depreciating for the want of a little protection when 
out of use. 

Boiler Covering. — It may seem out of the scope of this paper to 

[j_mention tanks under boilers in connection with it, but it seems to have 

escaped general notice that it is as necessary to cover the bottom of a 

boiler as much as it is the top. It goes without saying that if a boiler 

could be kept perfectly cool that the extensive deterioration in tanks at 
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tliii|art mwUeMK, ud tbe proper and dScaoit corering of the sluU 
It the boUoa be nade « marked tminnanetit in the cue of Um 
■tttnen i^icib ham, k> br. adaptad it. 

In oonclittioo, the writer vDold niinilwiini the nbaoliite necEBBt; of 
ni?''**-Tn''*c a high etandaid of botla- «irdliMnB w one of the meau hj 
whicb we can oontinoe to hold oar marittiiK aafnaatj and the ntajw 
portioacf tite oatrjiag pomae <ii the world. 
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Mr. WtuJAM BiBsoa (Gloacetfer) said that Ibe point is the pqwr 
wtiich wu of the gnatcst iaterest to him was with respect to fiBcttire of 
the fUme-box or oombostioD chamber sujs. He choagfat that be would 
tie able to Aaw later on that these fnctoiea were csosed bf an action to 
which anfftcient impottaoce waa oft^i not attached, aod, in fact, be 
doubted whether it was generally kept in view. He woold iUnatrate 
what be meaDt b; a diagmm showing a 
cabical chamber encircled by an external 
receiver or boiler of cabicat flbape, boi 
with ■emi<^liadnc top. ^Hte erown ol-<^ 
the internal chamber ia supposed to be 
stayed by trfrder stays, and all the other 
five aidea of the chamber to be directly 
stayed by screw stays to the external 
receiver. If the intervening space be occd- 
pied by fluid under preseure, what wiU occur ? 
It would be seen on considemtion that the 
inner dismber would lie out of balance, for 
the pressure on its crown would be entirely 
unbalanced by any corresponding pressure 
on the crowu of Qm uuUr bo£, wLiU, of 
course, the pressures on all the other five sides were balanced by the pres- 
sures oti the Hides of the chamben thus there was the total load on the 
crown pressiiif; the inner chamber bodily downwards, and this could only 
Ix; rcHistcd by t!ie side stays acting as cantilevers. Now, the state of thinga 
ill the marine rctiirn-tulie Imiler was not so extreme as in the illustration 
f,'iven, but exactly the same tbint; occurred in kind, for it would Ixs ob- 
served, on looking at Mr. Wallikcr's diafirams, that while the crown of the 
flainc-box wa-t entirely unstayed i[i a verdciil direction to the shell, a con- 
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siderablc portion of the lower side of the flame-box was so stayed, and 
there was a total downward pressure on the flame-box amounting to the 
difference between the load on the vertically unstayed crown and the 
load on the vertically unstayed bottom, tending to force the flame-box 
down into the boiler, and this force must be practically entirely resisted 
by the action of the side stays as cantilevers. 

It would be remembered that Mr. Walliker mentioned four points 
with regard'to stay fractures adverted to: — 

(1) That it was the short stays that broke. 

(2) That they broke off next to the shell plate, and not next to 

the flame-box plate. 

(3) They showed no signs of elongation, and that the fi*acture was 

nearly square. 

(4) That no further trouble had occurred after they had been 

once renewed. 
He ventured to say that the above theory that the back stays were 
compelled to act as cantilevers to compensate for the want of balance 
in the top and bottom pressures on the flame-box would explain all Mr. 
Walliker's observations ; for (1) the short stays must break because a 
given vertical deflection of their ends imposed on them the greatest stress, 
especially when it was considered that the deflection of a cantilever varied 
as the cube of its length. (2) These ^tays broke next the shell simply 
because the shell plate was thicker, and did not buckle as the flame-box 
plat.e did, this being thinner, and therefore the bending moment on the 
screw stays was concentrated next the shell plate. (3) Since the fracture 
was transverse and the stays had screwed threads on them, it would be 
expected that they should show no sign of elongation and that the 
fracture should be square. (4) The reason that no further trouble had 
occurred after these short stays had been renewed after fracture was 
simply the &ct that these stays, because they were short, had practically 
the whole downward load to bear, but that when they broke, the flame- 
box sunk slightly, and thus brought into action the whole, or nearly 
the whole, of the stays in the back. This point was again emphasized 
by the remembrance that with equal loads the deflection of a cantilever 
varied as the cube of its length ; thus, if the lower stays in the flame-box 
back were half the length of the upper, a sinking of the flame-box in the 
boiler to such an extent as to cause fracture of the short bottom stays 
would only cause a stress of about one-eighth of the breaking stress of 
the upper stays, double the length. He, therefore, thought that he was 
entitled to claim that the theory advanced explained the phenomenon 
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fiilly. It might be remarked that the unequal espansion of the flame-box 
and the boiler back accentuated the fact above dealt with, and cspc^iallj 
so when an arcli back flame-box was gueeetcd to the back plate of the 
boiler, for in eauh case the differential expuDsioa of the flame-bos murt 
take place almost entirely downwards, and thus the effect upon the sbort 
lower stays was rendered still more acute. Arising oat of this (]acsti<Hi 
of arch back Some-boxes he would venture to maintain strongly that 
the proper way of staying them was not by means of gnsset plates, tying 
them in each a manner that espangion was dilficult and prejudicial bat 
by means of palm stays ; and he would say that though his esperience was 
by no means as large as that of many at the meeting, yet snch on it was, it 
was entirely in favour of properly coDstracted arch back*, stayed by palm 
stays, or, if large, by a row of T-end ataja in addition. He had made 
BQch boUcrs for all pressures from 80 to ICO lbs., and had never in aoj 
single case, bad the slightest trouble, either during test or in nctiuil 
work. There were three points, however, that needed to bo attended to: — 
(1) There must be no flat upper portion extending fii>m the edgt of 
tube plate flange, but, as shown in Mr. Waliiker's diagram, the radios 
must commence there. (2) Eemembering that the arch back fhkme-box 
was simply one-fourth of a furnace, the thiokness of plate must be loiide 
fully eqnal to what would be required in a furnace of the same mdina 
iind length l^twuen side platea. (8) Seeing that the arcli back whh i>rac- 
tically one-fourth of a furnace, and that the duty of the palm stays waa 
simply to form practically an abutment for the arch where it ended at the 
tnbe plate, the palm stays must be carried as far over on to the top of the 
flame-box as was practicable. Of course a moment's reflection would show 
that it was quite erroneous to think that the upper row of tubes oould 
be of any use as pillars to resist the stress of the arch back, because their 
duty was to tie the front plate of boiler to the hack tnbe plate. With 
regard tu the practical question of how to minimise the tendency of 
these back stays to break, he would suggest three things: — (1) To get 
as much ntkc in the back plate of flame-box as possible, and to insert 
the screw stays at right angles to the back plate of flame-box. This 
i-cduccd ihe diffcreucc of load downwards and pressure upwards on the 
ilame-bux, the effect of which was detrimental. (2) To use stays nutted 
inside the (!aine-lx)X. This would stiffen the hack plate of the tiame-box 
ami Hx the stays more liriiily there, thus tending to give the stays the 
advantage of a gi'vatcr Ijcnditig moment next tlie flame-box plat£ and 
diminish the extreme bending moment next the shell back plate. (3) 
To turn the thread off and reduce the bodies of the shorter staya to a 
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diameter considerably below the bottom of the thread, and it would be 
well, in addition, to increase slightly the diameter of all the stays. 
This would enable the short stays to yield somewhat without fracture, 
and allow the flame-box to sink in the boiler and bring the unbalanced 
load upon the whole of the stays to a greater extent. 

Mr. B. HiBST said Mr. Walliker was quite right in urging that a great 
deal more attention should be paid to the question of the water spaces in 
boilers. He was also right in reference to the cleaning of tubes. As to 
arched combustion chamber backs, he had made some very carefal notes of 
boilers when under water pressure, and he found, in the first instance, 
that the back first began to open out at the working pressure, and his 
idea had been that this was due to a crushing strain ; but it was not, 
it was due to the pull on the end plates. They would find a move- 
ment of about ^V of an inch at the working pressure of 150 lbs., and a 
further movement which would measure about ^ inch, say at 300 lbs. 
or 820 lbs. per square inch. This opening out was entirely due to the 
pull on the end plates. At the same time he was of opinion that the 
curved back was not the correct form of firebox. He thought a flat top, 
like the locomotive firebox, was the best form for high pressures. With 
regard to deterioration and waste, he was of opinion a good deal was 
due to the lack of washing out. Washing out a boiler was a most 
important matter and helped to prolong its life. Then there should be no 
sudden blowing down either from steam or hydraulic pressure, the 
collapse and strains caused by the sudden release being much more than 
was generally known. Again, as to the question why the bottom portion 
and the back plates of the combustion chamber always waste the 
quickest. This was due to the leaving in of dirt and hot ashes when 
the boilers were either run out or blown down. If these box bottoms 
were raked out, the bottom part of the plate ought to last as long as the 
top part ; but a wooden rake should always be used in a boiler bottom when 
raking out scale and sludge ; as a great many leaky rivets in the bottom 
circumferential seams were caused by the use of the iron rake. They 
would always find that furnaces suffered the most from pitting and 
grooving at the line of the firebars when the water spaces were naiTow ; 
hence the reason why water spaces should be kept as wide as possible and 
easily accessible for cleaning, then boilers would last much longer. 

Mr. J. fi. FoTHERGiLL Said he desired to thank Mr. Walliker for his 
very interesting and practical paper. He had listened with much interest 
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to the remarks of Mr, Sisson, aod thoiight there was a great, deal in 
what he liad pointe<l out. Mr. Hirst's experience was of considerable 
importance, and when be related that, in testing boilers under hydranlio 
pressure, the gauges showed very little extension — -^ inch in the com- | 
bustion chamber at the working pressure, yet at twice the working j 
pressure (Lloyd's requirement) there waa an additional extension of n J 
inch — it appeared to him (Mr. FothergOl) such evidence was in itself I 
sufficient to show there must be great straining, detrimental to the * 
original Btrength and tightaesB of the etrnctnre. He took it, particularly 
in these days when the material was thoroughly tested and analysed, that 
hydraulic test was essentially a test of workmanship. It appeared to 
him, particularly in the foce of snch evidence, bow far Lloyd's were 
justified in continuing to insist npon doable the working pressure. Did i 
Mr. Hirst bold that it was right and desirable to have a double tesb I 
pressure, say, for a working pressare of 260 lbs. ? He felt sure the I 
majority of practical engineers would ^ree with him that it waa ua> 
reasonable to demand such an excessive straining pressure to be put iipoa I 
any txiiler, and this was fully recognised in the Navy. Theu, as to the I 
question of blowing down. He was auder the impression that, attiifi-J 
premnt day such practice was out of use : it certainly was a great mist 
to blow boilers down, and It not only f^litated rapid contraction bnt"^ 
raaterially hardened aoy scale tbiit mijrlit exist. Undoubtedly tbt ]iro]icr 
plan was to allow the water to cool, and then run or pump it out. Of 
course there were exceptional cases when it became necessary to blow. 
He fully agreed with Mr, Walliker as to the deleterious effect of allowing 
ashes to accumulate in the back ends, but he was very mnch afraid io 
cargo steamers this would not be overcome at sea, nnleea the engiueerB 
themselvcB cleaned them ont. 

Mr. G. H. Baines was glad to find that the remark of Mr. Fothergill 
as to tlie testing of boilers at double the working presanre elicited such a 
cheer throughout the meeting. He hoped the echoes of that cheer would 
reach a certain place where, no doubt, these matters were carefully 
weif^lied. The Hrin with which lie was connected liad just built a pair 
of Ixiilcrs, of the ordinary cylindrical type, for a working pressure of 
2.^1.1 lljs. His eoliciiguc, Mr. Mudd, bad had considerable correspondence 
with Mr. Jlilton, who did not sec his way (Lloyd's did not see their way) 
to dispense with double ibu workiutr pressure, and they tested those 
lioilers, 11 feet diameter, np to 510 lbs. hydniulic pressure to the square 
inch. His colleague had the satisfaction ol'secinj,' those boilei's withstaud 
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that pressure as perfectly as if they had been tested at 320 for 160 lbs. 
pressui*e, showing the perfection to which they had arrived in boiler 
building. They had hoped that the plan of the Admiralty, which gave a 
certain amount of latitude — not exacting double pressure — would have 
been followed in this case. All practical men must feel that, seeing 
materials were tested at every point before they came to the boiler build- 
ers, hydraulic pressure up to double 255 lbs., viz., 510 lbs., for their 
boilers was not necessary. 

Mr. R. Hirst said when the boilers referred to by Mr. Baines were 
tested to 510 lbs. of water, he made a wooden frame and put it on all 
round the boiler, and gauged the distances very carefully from the side, 
top, and bottom. Usually boilers under pressure went up — that was, the 
sides elongated and formed an oval. The boilers in question went up an 
eighth of an inch. There was no mistake about it. But there was 
absolutely no indication that there was any water in the boilers. He 
took the girth of the boilers with a steel rule, and there was not a ^ 
inch diflFerence in the circumference ; they each measured the same. 
But with reference to what Mr. Fothergill had said on the subject of 
testing, he considered that Lloyd's were quite right in adhering to the 
double pressure. He had an instance in his mind of a firm who put a 
pressure and a half upon their double-ended boiler, when the shell gave 
way. The working pressure of the boilers was 160 lbs., and according 
to their own records there was only 240 lbs. per square inch showing 
on the gauges when the boiler gave out. 

Mr. Robert Thompson said that when the matter had been under 
discussion by Lloyd's committee, the objection did not seem to be so 
much against reducing the double pressure as that the Board of Trade 
would not like it. It had struck him that considering our warships were 
built without Lloyd's or Board of Trade inspection, they might be trusted 
to carry on the mercantile marine with a slightly reduced pressure for 
Lloyd's test purposes. He was not without hope that in a short time 
they would have this pressure reduced. At the meeting Mr. Marshall was 
very strong about it, and so was Mr. Boyd, Mr. Seaton, and many othere. 
To his mind, the arguments against double pressure were not answered 
by the technical staff of Lloyd's. The general impression of the members 
after the meeting was that the day was not far distant when the pressure 
would be reduced. "With regard to the paper by Mr. Walliker, be had 
often wondered, as a shipbuilder, why engineers covered two-thirds of 
the boiler's circumference with non-conducting material, and left the 
bottom unprotected. 

VOL. ZXI.-UB8W 19 
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MU. J. F. WALLIKEB'8 BBPLT. 
Mr. J. F. Wallikeh, rqilyitit' to the disousioa, nkl* tlw time IwBg 
very short, lie would only nay a few worda. Mr. Siason's tfaeocy ot czpn- 

aion fairly CO incidwi with his own. As to combiutitA cbmilcn* top 
stayed by gunsclB, thuy had a large eiperienoc of ihem; sad, « far h be 
knew, they had been found quite eatiBfactory, and he noald add tfaM 
there w«ro no boilera within his knowledge which bad ihe oppci |ncu<« 
next to the tiibe-plute flange lying ansupported, and he was uot at iD 
surprised to lind tiiich a design gave trouble. He recalled one iaaUott 
in which the top of tlie combustion chamber buckled at the tett when A 
a little below the double pressure, and enquiry ^owed dial a piate had 
been pnt in which was leaa than rule size ; and this afforded, to his mind, 
a striking illualralion of the deflirabilily of adhering to tlie higher Uat 
pressure, which some meinbere were so desirous of redncing. Ab to ibt 
flat and rounded tops, they bcid seen both doing good work, and, except 
theoretically, he could recognise no preference. 

Mr. Fothergill had again returned to the qncetioD of a double t<^ 
pre&Hure : he had nlrtMkdy given one instjince of a coUapAc occurring owing 
lo a thiu plute. He might be allowed to quote anuther luaianoe of d w-M 
need of ndherin;; to their present rule. This was a case uf an auxiitiuy^^ 
cross-stayed boiler, in which a stay broke when near the double teat 
pressure, starting all the riveting in its vicinity. Upon examination the 
stay was found fractured halfway through. If a high test preaenre had 
not been put on the fractured stay would have been undiaoovered, and 
might liave resulted in disaster. 

Mr. PoTiiBBOiLL— Did the preaanre fracture the stay ? 

Mr, Wallikbr -No, it was an old fracture. He was of opinion that 
it would be a mistake to alter the present regulation of testing new 
hoiliTH to twice tlie working pressurc. It entailed no hardship when 
universally enforced, and he could not see where, if they once began to 
make reducliuim, tlieir friends would like them Stop. 

On the |ii'r>]i.iHiti..n „( i.he rnKsiRF.NT, a hearty vote of thanks was 
im'i.r.|i-.l i<i Mr. WiijJikiT for his paix;r. and it was agreed that the dia- 
eiiHsiiJU !>.. M-.i]«;ni-.l ut miuk- future mucting. 
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MARINE BOILERS, PARTICULARLY IN REFERENCE TO 
EFFICIENCY OF COMBUSTION AND HIGHER STEAM 
PRESSURES. 



By J. R. POTHERGILL, Viob-Pbbsidkht. 



[Rbad bbpobb thb Institution, in Cabdifp, on Jttnb 25th, 1896.] 

As each year passes, the development in marine engineering so 
progresses, that at the present day we have reached that high standard 
of efficiency which makes it difficult to realise how further economy can 
be obtained without a material increase in the boiler pressui'e. 

Past experience shows that no essential development in the marine 
engine has taken place without considerable hesitation, time to perfect 
detail and isolated trials proving beyond question such alterations were 
productive of economy. The introduction of the " compound " followed 
by the " triple " in each case took considerable time to develop before 
they became universal ; the " quadruple " at the present day is quite the 
exception, and it is difficult to realise how it can become the accepted 
engine without a material increase in the working pressure. 

Not only engineers, but shipowners are much concerned as to the 
solution of this problem, and particularly, if we are to go to higher 
pressures, what is to be the accepted type of boiler, nor need we be 
surprised at this when we consider the controversy taking place as to the 
various merits or demerits of the water-tube type. 

Is this increase in pressure to take place, or are we to accept 180 to 
200 lbs. as the limit ? 

Have we not at each marked increase in pressure over and over again 
heard' the old argument, increased pressure means increased temperature, 
with all the attendant difficulties, re-packings, oils, leaky joints, 
Jx)iler troubles, etc., eloquently expounded, but of what avail ? Is it not 
an inherent characteristic of the engineer to go-ahead ? One might as 
well try to push back the tide as prevent the engineer in his march of 
progress. Material progress cannot be made without failures, and well 
that it is so, for experience so gained builds up, as it were, a solid 
foundation on which to establiph ultimate success. 
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The greatest difficnky in the past hae beeu the mitDuFactnre of 
Buitable boilern to meet the reqiiireraents of increased pi'easure. Demand 
and neceesity for high quality material hos been met by the energy and 
vigorous activity of the Eteel maker. Capable machines, anitable and 
able to deal with any thickness of plate and diameter of ris-et, are 
obtainable, and the fomace manufactnrers have kept well abruisl of the 



Althonfjh under these circnraBtances we can conBtnict boilers with 
tiglitness and absolute safety to withstand any working preaanre, yet we 
must not overlook the fact that a boiler has other functions than the 
mere certainty of being able to stand an enormous bottled-up preaanre. 
It is of vital importance that a boiler should be considered an appamtas 
whose eBsentinl functions are : — Evaporation and combustion ; the rate of 
evaporation depending upon the efficiency of combustion and heat 
generated. 

Wq may renaouably awume increased boiler pressure looms In tbo 
near future, and although it is impossible to foresee to what prcasBru 
wo may nltJmatoly go, yet 250 to 280 lbs, may be considered within tlie 
bounds of probability, it thus becomes of the utmost importance to 
oonaidur whuther the present type of oylindricul return-tube boiler mitib, 
circular fnmaras is the most efficient as an np]ianittiB for combustion, 
generation of heat, and transmission of that beat to the water. 

It is frtely admitted tbia type of boiler has been, and is, up to 
certuinprtssnres, the mostsimple, the most "get-at-able," and serviceable 
marine b<ii!er of any type introduced, but docs tliis hold good for higher 
pres un, 
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0U8 hydrocarbon constituents by volatilisation, or, in other words, generates 
the gaseous portion of the coal by distillation. Until this process is 
completed the fixed carbon or coke is not consumed. Volatilisation is 
the most cooling process in nature, due to the quantity of heat which is 
directly converted from the sensible to the latent state. 

It is, in particular, due to this cause that heavy firing is so disastrous, 
and should be carefully avoided. 

As the hydrocarbon gases are volatilised by the first application of 
heat and pass off, hydrogen having a greater affinity than carbon for 
oxygen, readily unites with oxygen to the production of water — steam. 
The carbon thus liberated must be supplied with its necessary proportion 
of oxygen to the production of carbonic acid, otherwise it will be pre- 
cipitated in an extremely divided state and pass away as smoke, or, if from 
various causes the supply of air to the gases should be exceptionally 
small and badly distributed, carbonic oxide will be produced with 
serious loss in the amount of heat generated. For carbon consumed to 
carbonic acid evolves 14,500 units of heat, which, if consumed to car- 
bonic oxide, would yield 4,400 only. Although carbonic oxide may be 
produced under exceptional conditions, yet, fortunately, it does not 
appear from the analysis of funnel gases to be generally present, and 
when present it is usually in inappreciable quantities. 

To ensure complete combustion to the generation of heat, it is 
essential that not only shall the air supply be sufficient, but that it shall 
be properly distributed in such manner as will readily facilitate com- 
pletion of the combustion of the hydrocarbon gases as they leave the 
surface of the fire as well as the fuel on the bars. 

This question of air supply is one of considerable difficulty, and has 
exercised the ingenuity of many capable men. This difficulty is materi- 
ally increased by reducing the diameter of the furnace, and thus the 
height above the fire.* 

It is of material importance that the necessity for maintaining at 
high temperatures the hydrocarbon gases as they are evolved should be 
thoroughly understood. Hydrogen effectively unites with oxygen at not 
less than 600 degs. Fahr., and carbon with oxygen at not loss than 800 
degs. Fahr. The higher they exceed these temperatures within certain 
limits the more readily they unite and the less surplus oxygen required. 
Volatilisation being the most cooling process in nature, it is imperative 
the greatest consideration be given to raising the temperature of the 

• See the writer*? paper, "Combustion of Coal and Prevention of Smoke," read 
before the Institution, November, 1892. 
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hydrocarbon «ase6 as they are evolced, that the^ may immediately ulce 
np and unite with the necessary oxygen to complete cambnstion and 
generation of heat. 

Perhaps in this respeoc the most serioua difficnlty to overcome is that 
giuat hugbear— heavy firing. Unfortunately, this appears iuevitalile 
where the manipulation of the fires is left to the capricious and pnsjudi- 
cihI bias of the stokehold. Laj^e quantities of coal thrown on the 
fire at once reduces the temperature, and frequently to such a d^rte 
that the gasea evolved cannot tske up the oxygen requiratl, and thw 
they pass away, forming the huge volumes of smoke so commonly e 
immediately after firing. 

The smaller the fnmace the greater the evil, in that the fnmace 
crown is very much closer to the fire : in fa<;t, without very careful and 
judicious firing — and where will you find it in the ordinary mercantile 
marine ? — the aarface of the fire is stt close to the crown that imuwdi-^ 
atcly the gnsee are evolved they uomc in contact with the crown pint 
and if we consider that at 2.^0 lbs. prosaure, the temiieruturu of the water, 
and hence the plate is, say, 400 degs. Falir., we at once realiae tlio 
deleterious efTect this must have in keeping the temperature of the 
evolved gases far below that necessary to complete combustion. Again, ^m 
the smaller the furriiico the loss the Bectioiial iirt-a above the fire, and ^^ 
thus the velocity of the gasea leading tlic furnace require to he consider- 
ably increased ; moreover, this velocity is' greatly augtnentcd by the 
necessity to largely increase the consumption per s<iuare foot of grate, due 
to the small grate area obtainable. 

To obtain this necessary high velocity of the gaacs a lofty funnel 
with high temperature of the escaping gases must be used or some 
system of induced draught. High velocity of the escaping gasPS is, in 
many respects, a most objectionable feature. Time is an essential 
clement in the completion of combustion, in the union of carbon with 
oxygen, and In the transmission of heat to the water. At this high 
veloi-ily the tem[)cratun.' of the gasea as they escjii"; from the tubes into 
the iiptiike mitsi Ur lihiiiinnnily lugh. True, much of this heat may be 
utilis.<l in \;iri(.ii> wiL.vs. Inn it is m r.wly proivss. 

'I'lLr IV i?i ; tliLi' iiii|>or[;iiiL fditiiiv whieli does not apjwar to have 

ittlr.Liied siitfirieiii. nm-iilenii iiiii. ii;i;iirly, tlif gasi.-s of complete combuii- 
tiiiti do mil liiinsmii luiit by iMdi.ilioii, iiiit bycoiLliietioii. The sectiouiil 
nrcii ilii-omrh the tnlii's l«jing in ;ill mses birger than the outlet from tlic 
furuair fucilitiiLes ilic gnses jnissiiiL' from llie fnrimce at high velocity 
into the tubes in tlie most iliri'er cmir.w without, coming in close contact 
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with the large heating surface of the combustion chamber, and probably 
the suction draught may be so great, when large quantities of coal are 
burnt per square foot 6f grate, as to draw the whole of the gases through 
the lower rows of tubes leaving the top rows useless. 

In Fig. 1 (Plate XLV.) the writer has endeavoured to depict the 
course gases of high velocity, due to excessive funnel or induced draught, 
will probably take when passing from the furnaces into the tubes, and 
from which it will be seen that practically a large percentage of the 
combustion chamber heating surface is rendered of little or no use, due 
to the inability of the gases to transmit their heat other than by 
conduction. 

It would appear as though many of the objectionable features referred 
to are obviated in the water-tube boiler. Of course there are water-tube 
boilers and water-tube boilers, as there are in most other things, some to 
be entirely avoided, others specially designed and satisfactory for certain 
purposes only. 

For the purpose of this paper, a type of water-tube boiler known as 
the Babcock and Wilcox is given in Fig. 2 (Plate XLV.). The writer has 
selected this particular boiler as one that he is somewhat acquainted with 
and suitable to the requirements of the ordinary mercantile marine. He 
specially desires to say that he has not selected this boiler in detriment 
to other types of water-tube boilers, but principally because he has 
evidence of its success, as fitted in several steamers, in confirmation of 
which he gives the following : — Mr. Alexander Gray, consulting engineer, 
Newcastle-on-Tyne, who has under his supervision four steamers fitted 
with Babcock and Wilcox boilers, informs the writer they are giving the 
greatest satisfaction, both as to consumption and endurance ; in fact, the 
results are so satisfactory that they are specified to be fitted in two new 
steamers now building. 

The writer having received the following letter from Mr. J. Spear, 
superintendent engineer to Messrs. Wilson, Sons, & Co., Limited, Hull, 
ventures to give it in extenso^ believing it will be considered most inter- 
esting : — 

Dbab Sib, — I believe we were the first in this country to try Messrs. Babcock and 
Wilcox *B water-tabe boilers in a sea-going steamer, this was over three years ago in 
our 8.S. " Nero." This boiler is running quite satisfactorily, and the ship has not lost 
a day for boiler repairs up to the present. A few tubes in the feed-water heater have 
been renewed, and probably the whole of them will require renewals shortly, as they 
appear to corrode very rapidly. In the boiler proper only one or two tubes exposed to 
the fire have been renewed at a trifling cost. About twelve months ago we fitted a 
new steamer, the *^ Hero," with a pair of boilers by the same makers, but somewhat 
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modiriiid In details, no beuhir wu fitted, uiil tho tabu* Wuro Urger iu itlamutor. ^ 
liuvu \iad caaiideniAe tlullble ivicli Uit bnttniii niw ut tiilwa In Uii»s baikn, anil, 
cmiioi[uericu of tliu, in ■ third nbip, ttie ».a. " Cuiiiiw," wliiali wc have haA litti.<d with 
lUU'Jjfk »nil Wilcox builern we have reveptoU to llm »nuillor tubes («ligliUj l«rg»r 
ihun the " Kero'« "). and up to thv present no ttibci liavv ^ven wa^, neitber haw uji 
ivpiii™ been re>|iiire<l to tliuie bwlera. 

A> regtinla oontninptiari tlicru i' net loiiob eiUirr wbj, cniiiiniriii^ Uic i.& " Hem,' 
" Hero," uid ■* C&meo " with our most coanouilcal IukkA druitglit miil urdiiittrj huOon 
thu; fikll Hlinlitly shiirt, bat Htill give ut good rvstilt* u ordinary arcngM «itb 
ordiusr; boitera. 

I think the illreotiAii in which Monnin; in ooninnipliint » lo bo nongbt for in 
watiir'tnbe builera is in the Hrraii^muiit at bulHos over or amongut tbu tnbca, to m 
pi<i|H<rlj uliUw thchtttt thftt frc<iuently too easily goes np the funuul, 

Wc lave, as joit MB probttbly aware, one stoanior fittwl witli four BcURvilltj biiiltn^ 
Wu have not been fortunate in our eiiierienee with {Xm^, but perkai* tUU ba« 
from auitoi iithvr Ihwi the diwiKH, altlKiDKh it is curtain that the liolloville boiler b 
inoTD dinianlt to cImii and reiMir iban is tbe II*l>cock and WiloiK, wliilxt «itb a* tba 
eoiimiuiptinn hiu bcoa grvater with tho IlolleTllIo than willi Ihu Babouek and Wilcox. 
Yoan truly, etc. 

Ill the Boboock and Wilcox type of hoilor we hnva a )iir<;e gmtc arai 
aaitalile to tbc bL«t condiliunB for coiiipIcU; combustion. The raniHoe ia 
Kiiliplied with two doore eufliciuntlj )aT^ to facilitate the (liittribotioQ of 
tilt: fuel, and at that convenient height which givM the fireman coniplcta 
chut^e over hia shovel, n matter of no nnull imporbanco, particntari^r' 
with untr.iinwl men. By tiring at each donr intermittenl.ly you have 
nlwayj- one side of the forimud incandtscent when tho other ia being tired, 
and thus the liydrocar'boii guses evolved are readily heated up to the 
iieueasary ten iperat lire to their union with oxygen to complete combustion 
and generation of heat. 

The heiglit of the lower row of tul«B above the fire offers a great 
advantage for the supply of air to the surface of tlie fire. 

Tho writer is not aware whether the following arrangement haa been 
tried, but it would appear to offer some advanti^ijes : — Say, for a distance 
ei]Ufil to one-third the length of the grate, specially designed Blabs of fire- 
brick bo suspended to the underside of the bottom row of tnbes, or 
otherwise fixed. As the lire burns down and hocomos a mass of incan- 
deaceiit cuke, iho liixbrifk would store np a considerable amount of 
radi^itod he^it. which in its liini would Ijc given off in heating up the 
curly gases a^ they art; evolvud to coinplote coniliustion and production of 
h''^it Such an arnuigeinout would iiei-essilatu placing tho coal principally 
ill the front of tlio lire and pushing it liiuk on the gnite after the gnses 
wer'o given olT. 

h will lie Boeu by the drawing (^'i^- 2) that provision ia made to 
tietluet tho gases In their passage through the boiler. This is one of the 
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most important features of the water-tube boiler, and due to this not 
being appreciated in the earlier types, was, undoubtedly responsible for 
much of the loss of efficiency in those boilers, as the gases of combustion 
passed direct from the fire to the funnel without coming sufficiently in 
close contact with the heating surface. There is, no doubt, the most effi- 
cient position in which to place these deflectors is open to some argument. 
Whether they should be horizontal or vertical, viz., in a line with, or at 
right angles to, the tubes is debatable. Horizontal deflectors offer con- 
venient shelves for the accumulation of soot and small ashes, etc. 

The writer in his forced draught trials had strong practical evidences 
of increased efficiency, by keeping the gases passing through the boiler 
under slight compression. Take the case of the s.s. " lona," one of the 
steamers tested by the Committee of the Institution of Mechanical Engineers 
and under the writer's supervision, and fitted with his system of forced 
draught. During the whole of the trial the damper in the funnel was 
only one-sixth open ; this gave just sufficient compression to bring the 
gases into intimate contact with every square inch of heating surface, 
both in the tubes and in the combustion chambers, to the greatest 
advantage in the transmission of heat, as shown by the low temperature 
of the funnel gases. From frequent trials, all other things being the 
same, the difference in maintaining steam with the damper full open 
and only open one-sixth was most marked. It will be readily under- 
stood this closing of the damper cannot be utilised with natural draught. 
It is more than probable the application of some such system of slightly 
compressing the gases in water-tube boilers would do much to improve 
their efficiency and obviate the necessity for deflectors and baffles, which 
in itself would be a considerable improvement. 

In a paper of this limited description it is impossible to consider the 
mechanical structure and the many details necessary to an efficient 
boiler, and which must very largely determine the type of boiler of the 
future. There is no doubt the present type of boiler, if it does die, will 
die hard, due to its well-earned popularity, and in all probability it will 
only be the demand for higher pressures that will kill it. 

The writer feels he has left much unsaid, in fact, that he has only 
touched the fringe of this important subject, yet he hopes sufficient 
material will be found to promote useful discussion, for, after all, the 
greatest value of a technical paper is not so much the subject-matter it 
contains as the discussion it promotes and the ventilation of different 
opinions. 
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tube boilers. So far, the water-tube boilers in use on board 
had not been an unqualified success, especially as regarded ecc 
fuel, but this did not mean that the present system of water-tul 
could not be improved upon, and he had no doubt that means wc 
be devised to remedy that defect and to make the water-tube I 
economical, or more so, than the ordinary boilers now in use. I 
like to be allowed to emphasize in a few words the point of Mr. 
giirs closing remarks in his paper, namely, as to the object 
professional institutions. They gave the necessary oppoitunity 
ing papers on mutually interesting topics, and examining the 
the light of experience and observation by means of discussion 
the success of the North-East Coast Institution had been main] 
the impartiality of the President and Council in directing its w 
the faithful way the Beading Committee had fulfilled its dutief 
had suppressed the inclination to trade advertising, encoura 
competitive spirit of its members, and given desirable opportu 
young engineers and shipbuilders, who might otherwise have i 
in obscurity, to exhibit their abilities and ideas. This, again, ] 
an advantage to firms, affording as it did an opportunity of fi 
places of those who retire from active work with men of known 
ments in the higher walks of their business. If the lines o: 
institutions were drawn on the same basis of technical and 
matters, and cut ofP where the advertising element came in, thei 
would be irreproachable, even in this commercial and competii 
lie trusted that what Mr. Fothergill had said in this connectic 
incite members to give their knowledge and ideas more latitude, 
the medium of papers for discussion, thus advancing themse 
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Mr. W. Seatell exhibited in the room two illnstrations of somewhat 
different types of the Babcock and Wilcox boiler, together with a model 
of the type of header used in the construction of the boiler. Concerning 
the note addressed to Mr. Pothergill by Mr. Gray, the sea trials, he said, 
were expected next week of a third steamer, the largest vessel of the 
turret type yet built — the " Norman Isles " — which was also fitted with 
Babcock and Wilcox boilers. There were also two other turret ships for 
which Mr. Gray was consulting engineer, owned by Messrs. Peterson, Tate, 
& Co., Newcastle, in addition to those mentioned in the paper, which were 
in course of construction, and they were also to be fitted with these 
boilers. With regard to that portion of the letter sent by Mr. Spear 
which referred to the heater in the boiler of the " Nero," it should, of 
course, be pointed out that the heater was not a necessary component part 
of the Babcock and Wilcox water-tube boiler, but was fitted in this case 
for experiment. The type of heater used in the boiler of the " Nero " 
merely consisted of a series of tubes placed above the boiler itself, resting 
on the horizontal tubes, and so arranged that the water was pumped 
through the tubes of the heater on its way to the boiler. The trouble 
which was referred to in the letter occurred very soon after the boiler was 
first put to work, but this was remedied by the fitting of zinc rods inside 
the lower tubes of the heater. They considered that the fitting of zinc 
rods in feed-water heaters was quite sufficient to make tubes in the heaters 
last as long as the tubes in the boilers. He agreed with Mr. Walliker as 
to the advantage of using zinc in marine boilers. There was another 
point touched upon both in Mr. Spear's letter and Mr. Fothergill's paper 
to which he should like to refer. Engineers very frequently compared the 
water-tube boiler with the Scotch type, plies forced or induced draught. 
That, he thooght, was a little unfair, because any type of forced or 
induced draught added to a boiler of the Scotch type could be just as well 
added to the boiler of the water-tube type. It should be judged on its 
merits independently of the efficiency of the boiler itself. That was to 
say, if they wished to compare the types of boilers, it was only fair to take 
the boilers themselves without any forced or induced draught. Or if they 
wished to compare them with forced draught, let the same type be put on 
to each, and make the conditions exactly the same. In the latter part of his 
paper, Mr. Fothergill discussed the question of baffles, and expressed the 
opinion that all that was needed to make water-tube boilers as satisfactory 
as the best type of Scotch boiler was to see that the baffles were so 
arranged as to get every part of the heating surface made effective, or else 
to have a slight compression in the furnace and around the tubes so that 
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the gases touched every portion of the heating surface. The difficulty of 
eoauring that all the heatiag eurface is naed appUea equally to boilers of 
the Scotch type ; note for example the growing use of Serve tubes and 
retarders. The tines which Mr. Fothergill went on with regai-d to the 
" looa " were possibly the correct ones. Mr. Alesander Gray had iilso i 
devoted some attention to this question. In some experiments on two { 
turret ships with Babcock and Wilcox boilers all the baffles amongst the j 
tubes were removed : in one case, restricting the draught area at the top 
of the boiler over the top borizoala! tubes as much as possible, making it 
just sufficient to enable the boilers to give the steam fi-eely that was 
required. In the other case, the baffies which were fitted on the tabes in 
different positions were increased, and then observations were tikeo to 
see which waa the better method, with the result that they could not dis- 
cover any difference in economical working. Fi-om the point of view of I 
cleaning it seemed to be an advantage to remove the baffles, because they I 
simply formed ledges for the accumulation of aoot. 

Mr. J, NoDDBn said they would be a little aorprised to know that ' 
he was considerably in agreement with his friend, Mr. Fothergill. He 
i^reed with the aathor of the paper in that the present type of boiler ] 
intended to die very hard. The water-tnbe boiler had not got everj- 
thiiig its owu way yet, lu his papi-r Mr. Fotlicrsjili stated, " It will 
be seen by the drawing that provision is made to deflect the gases in 
their passage through the boiler." Most of them would be aware of 
some boiler teats recently made at West Hartlepool, They were working 
at 255 lbs. pressure, and were fitted with Serve tubes and retarders, 
working with the Ellis-Eaves induced draught. The results were very 
remarkable. Indeed, they represented the ideal condition of a pound 
of coal per horse-power. That was something to be proud of, and it 
was aiTived at by the means recommended by Mr. Fothergill of hindering 
the escaping gases from going into the funnel, and so taking the heat 
with them. The Eilis-Eavea system did that. When the water tubular 
boiler came up to this efficiency hB would support it, and should be 
pleased to apply to it the Ellis-E:ives system of induced draught and 
Serve tul>es. 

Mr. Heavell, replying to Mr, Rolwrt Thompson, said the weight 
of a Itubcock iiud Wilcox boiler was 50 per cent, less compared with 
an ordinary buik-r doing the saiue work under similar circumstances. 

The discussion was adjourned. 
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MEMOIRS. 



EDWAED REYNOLDS. 

Edwabd Betkolds was bom in London, on October 7th, 1825. His 
boyhood was spent in Herefordshire, where he went to school ; and he 
completed his education at King's College, London. In 1844 he was 
apprenticed to Messrs. Adams & Co., engineers and carriage builders. 
Old Ford, London, and remained there for two years. During this 
period he had the opportunity of becoming acquainted with early experi- 
ments on Henson*s flying machines, with which the firm were concerned. 
In 1846 he became chief draughtsman in the locomotive department of 
the Eastern Counties Railway, where he remained till 1850, and he was 
instrumental in the alteration of the locomotives from the then 5 feet 
gauge, haying bar frames, to the 4 feet 8^ inches gauge, which 
necessitated the substitution of slab frames. From 1850 to 1852 he was 
draughtsman and manager of Mr. Thomas Kennard's office, Adelphi, 
London, where he was largely engaged in designing Warren girder bridges 
and bridges generally. From 1852 to 1860 he was chief engineer to the 
Butterley Iron Co., near Alfreton, and during this period he remodelled 
a large portion of their machinery, some of which was antiquated ; several 
of the engines and locomotives he designed are still at work there. In 
1860 he joined Mr. (now Sir Frederick) Bramwell in partnership, which 
continued until early in 1863, when he became engineer to Messrs. Naylor, 
Vickers, & Co., Millsands, Sheffield, and was engaged in the construction 
of their River Don Works. In 1872 he became a managing director, and 
continued in this position for the rest of his life. Among the noticeable 
machines designed by him at these works are the large forging presses, 
the construction of which was conunenced in 1882 ; they have a long- 
stroke ram, bearing against the spherical end of an inverted T-shaped 
cross-head, which works between guides and carries the forging face. 
Before the actual pressing the slack is taken up by water at a lower 
pressure ; this plan he had adopted some time before for general hydraulic 
work, possessing as it does the advantage that smaller pumping engines 
can be employed. In 1894 he became a director of the Elmore Copper 
and Wire Companies, and took an active interest in their management 
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and in the technicalities of their manafactnre. Dnring the latb 
1894 his health had been failing, and a chill contracted at the beginning 
of the following year hastened his death, which took place at Sheffield, on 
12th Jannary, 1895, in hia seventieth year. 

RICHARD ELIHTJ DICKINSON. 
Richard Elihu Dickinson was born in Liverpool, on the lOtii 
April, 1849, He was there apprenticed to a shipping firm, which is now 
merged into the White Star Line, and received a good commercitkl 
grounding. His tastes, however, inclined to mechanical engineering, 
wliich he studied both theoretically and practically. At the age of 
twenty-two he commenced bnsinesa as an engineer and ironfonnder at the 
Cleveland Engine Works, Birkenhead, where he constmcted overhead 
cmnes and special machinery. At that time he became connected with 
some Portugaese mines, and was resident abroad for a time, erecting the 
necessary maehinery. Turning his attention early to the apphcation of 
steam power to tramway cars, he built a considerable nnmber, which were 
used in Dublin, Wigan, and elsewhere. Their advantage lay in the 
absence of smoke and the small consumption of fuel. Closing the 
Birkenhead works, he removed to the Saville Street Engineering Works, 
in Sheffield, where, in connection with the Clay Cross Company, these 
steam tramcars were constructed. While in Sheffield he was greatly 
interested in the manufacture of steel, as well as in general engineering 
work, and was appointed manager of a new concern started at Barrow-in- 
Fiimcss, in which the late Mr. Daniel Adamson was interested. There 
he remained until 1887, when be became manager of the steel and iron- 
works department of Messrs. Palmer's Shipbuilding and Engineering 
Company, at Jarrow-on-Tyne, where he pnt several large steel-melting 
furnaces and a 36 inch bar mill. In 1891 he became managing director 
of the Bowlinf^ Iron Company, Bradford, where he remained until his 
death, which took place after a brief illness on the 12th May, 1895, at 
the age of forty-six. In the year 1889 he became a member of the 
Noith-East Const Institution, but took no active part in its proceedings. 

WILLIAM .lENKINS. 

William .Jenkinw died nt Cousctt Hall, on May 14th, 1895, at the 

a^'i' of sovciity ycai-s. He was for nearly a (|nartcr of a century general 

inaniij;ur of the Consett Iron Company, Ijimitcd, which position he 

ri'iiiii|ui>hi.'il in Aiik'u.iC, 1891, when he was elected a director of the 
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company. Mr. Jenkins had been in ill health for some considerable time 
prior to his death. He was bom at Merthyr Tydfil, on February 23rd, 
1825, and occnpied various positions at the Dowlais Iron Works for 
many years, having at the time of his coming to Consett, in 1869, the 
entire charge of the commercial part of that company's business. On 
the formation of the Oroonera Iron Ore Company, Limited, by the 
Consett Iron Company, the Dowlais Iron Company, Fried. Krupp, of 
Essen, and the Messrs. Ybarra, of Bilbao, Mr. Jenkins was appointed 
managing director. His long and most important services in connection 
with the Consett Company made for him a widespread reputation, and he 
was very highly respected throughout the county of Durham, of which he 
was a justice of the peace. Mr. Jenkins was chairman of the Consett 
Local Board, and on the formation of the Durham County Council was 
elected a county alderman. He also filled many other important positions 
in the county. He became an Associate of the North-Fast Coast Institu- 
tion in the year 1887. 

. 
WILLIAM KILVINGTON. 

WiLLUM KiLViNGTON was bom on the 18th of July, 1852, at 
Hartlepool, of which his father held for many years the post of clerk to 
the Guardians. He began his career in 1867 as an apprentice at the 
engineering works of Messrs. Thomas Richardson & Sons, West Hartle- 
pool, where he spent five years in the pattern shop, erecting shops, and 
drawing office. He then attended for a session the College of Physical 
Science at Newcastle-on-Tyne, devoting himself mainly to the study of 
physics and mathematics, in which subjects he attained considerable 
distinction. Mr. Kilvington's long connection with the North-Eastem 
Marine Engineering Company commenced in 1873, when he entered its 
works at Sunderland as a draughtsman. In the following year he was 
appointed head of the drawing office, of which he had charge until the 
end of 1882, when he was transferred to the Northumberland Engine 
Works, the company's new establishment at Wallsend, as manager. That 
poet Mr. Ejlvington held for nearly thirteen years, having entire control 
of the works, from which, on an average, twenty to twenty-five sets of 
marine engines were turned out annually, as well as high pressure pump- 
ing engines for waterworks, etc. He was responsible for upwards of 1,500 
workmen and for the design of machinery, for the preparation and signing 
of specifications, and for estimates of costs for tendering. Gifted 
with natural ability of a high order, he showed great tact in dealing 
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with the ever-recairiDg labour probUme of the day, winning alike 
the confidcTice of the worlimen and tbe eEtet m of the staff, with the tnem- 
bere of which he was in constant contact. In addition to hia official 
duties, he was a director of the Walker and Walleend Union Gas Com- 
pany, and for loany years a member of the Walleend I.ocal Board. He 
took a great interest in scientiiic and technical instraction in the mid- 
Tyne district, and was a member of several scientific bodiee. He joined 
the North-East Goaat Institntion of Engineers and ShipbnildetB at ita 
inaugnration in November, 1884, was elected a member of Conncil in 
1887, and Vice-President in 18ilO. He took a lively interest in theafTairv 
of tbe Institution, and in furthering its interests. In conjunction with 
Mr. Alex. Taylor he submitted a highly practical paper on "Boiler 
Furnaces," which was read and discussod before the Institution. He waa 
one of the committee appointed to frame a general rule for the horse- 
power of marine engines on the basis of indicated horee-power, which mle 
was afterwards known as the Institution's rule for the normal indicated 
horse-power of marine engines and boilers. He died on the 24lh of 
.Inly, 1S95, after a week's illness, from infiammation of the ImwcIs, 
revered and regretted by many. In private life he had many friends, 
being a genial companion, was always ready to assist those in need, 
and contributed unobtrusively to several charitable nndertakings. i 

CHARLES MITCHELL. 
CiiAiti.Ba Mitchell was bom at Aberdeen, on May 22nd, 1820. 

After receiving his eariy education at a school in the Questrow, and at 
the Gnimmar School, he entered as a premium apprentice the engineering 
works of Messrs. W. Simpson & Co., predecessors of the firm of Messrs. 
Ilall, Russell, Sc Co. He matriculated as a student at the Marischal 
College, and in 1840 was first prizeman in the chemistry class. In 18S6 
considerable additions were made to Messrs. Simpson's workshops, and he 
assisted Mr. John Coutts, an architectural draoghtsman, in preparing the 
dniwings, etc. Sometime previous to the completion of his apprentit-c- 
ship in 1S4I, he gave drawing les-sons in the evening to the late Mr. 
Amlrcw Leslie, who at that time was foreman boilennaker with Messrs. 
Bowman & Vltuou, shiplmiMei-s ;ind eii{:iiieers, and who afterwards 
in.rume a shipbuilder at. llchbnrn-on-Tjni>. On the cnmpletion of hin 
upprentia'ship he wa.s I'mi'loyed as u dniuglitsmnn in the works of Mr. 
Contts, who had left Abunleen and had taken, in Ifi 10, a building yard on 
the Tyne, previously used by Mr. William Rcay for building wooden 
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vessels, and now forining part of Messrs. Wigham Kichardson & Oo.'s 
establishment. Here he commenced on the 24th September, 1842, the day 
after the launching of the paddle steamer " Prince Albert," which was the 
first iron steamer built on the Tyne. Two years later he obtained an 
engagement with Messrs. Maudslay, Sons, & Field, with whom he remained 
until 1852, when he commenced a shipyard at Walker-on-Tyne, upon a 
piece of ground which was then in process- of being reclaimed from the 
river ; and the yard was afterwards largely extended by the acquisition of 
other property. His first vessel, the " Havilah," was launched on February 
17th, 1853, and is still afloat in Australia. In 1862, when the Eussian 
Government determined to commence the construction of armour-clads in 
their own country, they entrusted his firm with the conversion of their 
wooden dockyards into iron shipbuilding establishments. He accordingly 
visited St. Petersburg, where he received an order for an ironclad, soon 
followed by others ; and his brother-in-law, Mr. H. F. Swan, resided 
there for some years as the representative for the firm. In recognition of 
his services, the decoration of the Order of St. Stanislaus was conferred 
on* him. In 1865, for the sake of health, he withdrew from the active 
part he had hitherto taken in business, and went to reside near London 
for a time. Subsequently, determining to return to Newcastle, he 
purchased, in 1869, the Jesmond Towers estate. His firm having 
been engaged for many years in building war vessels, in conjunction with 
that of Sir W. G. Armstrong & Co., an amalgamation took place in 
1882, the name of the new firm being Sir W. G. Armstrong, Mitchell, & 
Co. The University of Aberdeen benefited largely by his generosity. 
In addition to aiding in the extension of the buildings, he gave a grand 
organ, and provided means to heighten the tower of Marischal College. 
In recognition of his munificent bequests, amounting to about £80,000, 
the Senate of the University conferred on him in February, 1898, the 
honorary d^ree of Doctor of Laws. His death occurred at his residence, 
Jesmond Towers, after a few days' illness, on 22nd August, 1895, at 
the age of seventy-five. 



RALPH HART TWEDDELL. 

Ralph Hart Tweddbll was born on May 25th, 1843, at South 
Shields, where his father was a shipowner. With a view of entering 
the army, he was educated at Cheltenham College, devoting his time 
at first especially to classical studies, and subsequently to preparing 
himself for the Royal Military Academy at Woolwich. HLs strong 



rDeohanical instincte, however, led to his being articled on leanng edioeli 
to Meaara. E. & W. Hawthorn, of NiiwcaBtle-on-Tyne. lu 1863, while 
serving bis apprenticeship, he invented a hydraulic tube-fixer, wliiob 
did good work. Two yeare later he deaigued a atationarj hydraulic 
riveter, and thus commenoed the development of the BjBtem of hjdraulio 
tools with which his name is so intimately aBsociated. Ou the comple- 
tion of his apprenticeship at the age of twenty-two, he went to sea U 
an engineer. At that time steam pressures at sea were increasing and 
the difficulties of doing good work with Ihc greater thickueaecs of boilei 
plates required were beginning to be felt. It occurred to him, there- 
fore, to apply hydraulic preasare for riveting; and his first machiot 
made by and for Messrs. Thompson, Boyd, & Co., of Newcastle, did 
the work perfectly with a pressure of 1,500 lbs. per square inch, and 
at about one-seventh of the cost of hand work. One of the special featutia 
of tliis machine was the use of a small accumulator, of which the ram fell 
a considerable distance at each stroke of the riveter, with the result- thai 
the suddenly arrested fall of the accumulator weight caused a mat«riaUj 
intensified pressure to be exerted at the end of the stroke. By Uiii 
and other inventions he helped to render possible the increase of 
pressures from 40 lbs. to 200 Iha. per square inch, which with multiple 
expansioa in engines has reduced coal oonsamption from 3^ lbs. to 
little iivvr 1 11). pur hoi-se-jHJwer pi,T hour. In l^iTl he brought out 
a portable riveter, which constituted an important innovation, giving 
hydraulic machine tools a character of their own ; and it was with this 
first portable tool that his uninterrupted connection with Messrs. Field- 
ing & Piatt, of Grloucester, was commenced. The machine proved highly 
efficient, and its manufacture was then regularly entered upon, various 
modifications and improvements being from time to time introduced. 
In 1872 he opened an olhce in Westminster, and contributed to the 
Institution of Mechanical Engineers a paper on the application of water 
pressure to shop tools and mechanical engineering work. In 1878 the 
portable hydraulic riveter was first used for bridge work by Mr. W. H. 
Paaton on the bridge which carries Primrose Street over the Great 
KusLeni Uaihvuy at Bishoiwgiite Street Station, London. The work 
wiis done quickly and silently, and the rcputation of the machine for 
this work was thereby assured. By this plan many lai^c bridges in 
India have been built by native lalxiur, with a minimum of supervision. 
Iti 187C the French Government having decided to prepare works at 
Toulon for the construction of the largest iron an 1 steel warships detcr- 
mini-d to adopt a complete installation of hydraulic maehine tools on 
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the reoommendation of M. Marc Berrier-Fontaine, by whom a descrip- 
tion of the whole was given at the Paris meeting of the Institution of 
Mechanical Engineers in 1878. In the application of this system to 
shipbnilding a great amount of time, labour, and cost was saved. For 
locomotive work the hydraulic riveter was first used by Mr. F. W. 
Webb at the Orewe Works of the London and North Western Railway ; 
the Italian Ctovernment used it for riveting gun carriages, to prevent 
working due to the shock of firing; and the Gloucester Wagon Co., 
Messrs. P. & W. MacLellan, of Glasgow, and the Great Western Rail- 
way first used it for under-frames of wagons. In 1874 Mr. Tweddell 
contributed a second paper to the Institution of Mechanical Engineers 
on the application of water pressure to driving machinery and working 
shop tools, and in 1878 a third paper on the application of pressure- 
intensifying apparatus to hydraulic presses. He was a member of the 
Research Committee on Riveted Joints. The numerous awards bestowed 
on him in recognition of his inventions included that from the Centennial 
Exhibition in Philadelphia in 1876, and the Grand Prix in the machine 
tool class from the Paris Exhibition in 1878, and in 1885 the Society 
of Arts awarded to him a special gold medal under the Howard Trust. 
He joined the North-East Coast Institution in the beginning of 1885, 
and in the following year he contributed a paper on " The Application 
of Hydraulic Pressure to the Driving of Machines and the Transport 
of Materials in Works." Though resident in London he took consider- 
able interest in the affairs of the Institution, and when present was 
always ready to give his opinions on the subjects under discussion. Mr. 
William Boyd, the first President of this Institution, was connected 
with the late Mr. Tweddell in the design of some of his later hydraulic 
tools as well as with the original fixed riveter made by Messrs. 
Thompson, Boyd, & Co. ; and this acquaintance, begun in 1863, ripened 
into a close and intimate friendship, which continued unbroken up to the 
time of Mr. Tweddell's death, which took place suddenly at his resi- 
dence, Meopham Court, near Gravesend, on 3rd September, 1895, at 
the age of fifty-two, from aneurism, resulting from a fall from his horse 
a few years previous. 

EDMUND FREDERICK WAILES. 

Edmund Frederick Wailes was a native of Newcastle-upon-Tyne. 
At the age of thirteen years he entered the shipyard of Messrs. Wigham 
Richardson & Co., Low Walker-on-Tyne, where he served an apprentice- 
ahip of five years, and for two years afterwards he held the position of 
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chief draughtsman. He then entered the empioj of Measre. Davison ft 
Stokoe, shipbuildora, Sunderland, as aBaiatant manager, with whom he 
remained for about three yeara. Ho then obtained the appointment o( 
manager of the ship department of Messrs. the Wallaend Slipway and 
Engineering Company, WallBeud-oa-Tyne, which appointment he held 
for a period of three and a half yeara, when he joined Mesars. Henry 
Bucknall & Sons, of London, as their superintendent, and remained with 
them for a period of eight and a half yeara. While ia this capacity, ho 
had a considerable and varied business expericncG, both at home and 
abroad, aud made many friends, which eminently fitted him for his future 
career. On leaving them, in 1887, he commenced practice on his own 
account as a naval architect and marine surveyor, and was held in high 
esteem by the leading underwriters, which was proved by the difficult and 
intricitc cases entruated to his care, and the implicit oon&denoe placed in 
his professional decisions. He was aUo senior partner in the firm of Messre. 
Wailes, Dove, & Co., enamel and paint manufacturers, Newcastle-upon- 
Tyne, and conducted a successful business up to the time of his death, 
which took place after a short illness from malarial fever, on the ITlJl 
December, 1895, at the age of forty-five years. He waa well known in ship- 
ping circles throughout the United Kin°;dom, the Continent, and Aineriaa> 
He took considerable interest in the Institution, of which he became 
a member at its formation in November, 1884. In 1887 he delivered a 
a papar bafore the Institutiou ou " Impro7cmeuts in the Construction of 
La,rgc Stern Frames, Rudders, and Keels;" in 1891 he delivered another 
on " Proposed Improvements in the Construction of the Bottoms of Ships 
and Steamers;" and in 1892 another ou " The Careening of Ships and 
Steamers for the Parpase of Practically Testing their Stability." He 
was very popular amougst all with whom he waa acquainted, being a most 
geuial companion aud given to hospitality, and always endeavouring to 
act up to hia motto, " Celer atque fidelis." 



•TAMES LAING, JUN. 
•Tamer Laino, Jitn., began his apprenticeship in the Deptford 
Shipyard, Sunderland, in January, 1876, and rcmaiuod there until the 
middle of the year 1878, when he went to Dumbarton to Messrs. Denny 
lirothcra, and was with them for eighteen months ; after which time he 
I'L-turoed to Deptfoni Yard, and was actively eng^ed in the management 
of the business, both in the ofTice and in the works, up to within six 
months of hia death, which occurred ou the 23rd of January, 1895, 
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at Bournemouth. During the last few years of his life he had very 
indifferent health, and was frequently absent from business in consequence 
of the same. He was a member of the Institution of Naval Architects, and 
of the North-Eafit Coast Institution, and was for three years a member of 
Council of the latter. 



MORRIS WEST RUTHVEN, JUN. 

MoRBis West Ruthvbn, Jun., who for a number of years was well- 
known in shipbuilding and engineering circles on the North-East Coast of 
England, was the second son of Mr. M. W. Ruthven, of London, a gentle- 
man whose name is inseparably connected with the hydraulic propeller, the 
Ruthven rudder, and several other proposed improvements in connection 
with engineering and shipbuilding. Mr. Ruthven, Jun., commenced his 
professional career in the works of Messrs. J. & W. Dudgeon on the 
Thames, and was afterwards employed on the staff of Sir Edward Reed at 
Westminster; coming north he received an appointment with Messrs. 
Wigham Richardson & Co., of Low Walker-on-Tyne, and for about fifteen 
years held the position of chief draughtsman in their shipyard. Sub- 
sequently he was engaged as naval architect and surveyor for the Tower 
Line of Steamers, and later in a similar capacity with Messrs. J. M. 
Lennard & Sons, shipowners, of Middlesbrough. Mr^ Ruthven, Jun., 
was a skilful and accomplished draughtsman, possessed of strong artistic 
tastes, and gifted with a keen and correct eye for symmetry of form and 
outline. He died on the 9th of April, 1896, at the comparatively early 
c^e of forty-six years, deeply regretted by a large circle of friends, among 
whom on account of his genial qualities and readiness to help others he 
was very justly esteemed. 

FRANCIS WILLIAM WILLCOX. 

Francis Williah Willcox was born at Birmingham, on the 17th 
March, 1840, and was the youngest son of Dr. John Willcox of that 
town. He was educated at the Birmingham Grammar School, and 
developing considerable mechanical ability he was apprenticed in 1855 to 
Messrs. Robert Napier & Sons, shipbuilders and engineers, Glasgow, 
with whom he remained seven years, during the latter period of which 
he had charge of the steam trials of vessels engined by that firm, and 
often made voyages to sea in charge of the machinery. During his stay 
in Glasgow he attended Professor Rankine*s lectures at the University, 
and became thoroughly conversant with the theory and mathematics of 



^H engineering generally. Hq left Meaerg. Napier & Sons, and was Btppoitited I 
^H assietaul to the late Sir John Anderson, C.B., euperistcndeDt of machineirj 
^H at H.M. Royal Arsenal, Woolwich, taking charge in that capacity of 
^^ machinery at homo and out statioua, as well as of the steam vessels of the 
^H war department. la 1866 he joined the firm of MeasrB. J. & G. BcDoie, 
^H iingincers and shiphuilders, London, as manning draaghtsinaa and 
^H chief designer, going to Egypt for that firm in connection with the 
^H fitting of the Khedive's Company Fleet, with the then nuwly introduced 
^H compound engines. In 1870 he was appointed manager and designer to 
^M Messrs. T. B. Oswald & Co., Paltion, Sunderlaiid, whom he left in 1872 
^H to commence practice as consulting and superintending engineer and 
^H uBval architect with his partner, Mr. Wawn. Conjointly with Mr. 
^H Wawn, he bnilt up oneof the largest consulting businesses in the North 
^V of England, carrying out work for Lloyd's, Underwriters', and numerous 
insurance clubs in various parC« of the world, and also had the superin- 
tendence of a large fleet of steamers. He was also patentee of several 
mechanical devices, including steam and hydraulic steering g«ar, i 

I ventilators of shipholds, and an improved screw propeller, with which ha ^| 
was very successful, having fitted them to over (iOO vessels in all parts of ^M 
the kingdom and abroad, Hia death occurred at his residence in Sunder- ^M 
land, on the 30th April, 1896, after an illness of four days, in his fifty- ^| 
sixth year. He became a member of this Institution at its inangaration 
in November, 1884, and was also a member of the Institution of 
Mechanical Engineers and the Institution of Engineers and Shipbuilders 
of Scotland. 



WILLIAM HINDSON. 

William Hindsjn served his apprenticeship at the firm of Sir W. G. 
Armstrong, Mitchell, & Co., Elswick Works, and remained with that firm 
until be was twenty-six years of agc- He then obtained an appointment 
with Messrs. J. Abbot & Co., Liinited, Park Works, Gateshead, and was 
with them for twenty and a half years, the last twelve years of which he 
was works managur. In 1893 he commenced business on his own iiccount. 
hiking over the existing portion of the once famous Messrs. Hawks, 
Crawsliay, A Co. 'a works at South Shore, Gateshead, and these he carried 
on until his death, which took place on July Tth, 1896, 
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